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Abst rac t  

There is  no doubt t h a t  major conservat ion of f u t u r e  r e g i o n a l  energy expen- 
d i t u r e s  can be  achieved through t h e  p r o p i t i o u s  a l l o c a t i o n  and conf igur ing  of 
land use a c t i v i t i e s .  The t a s k  of searching f o r  and s e l e c t i n g  s t r a t e g i e s  and 
measures which w i l l  b r ing  about energy conservat ion vis-a-vis land use  becomes 
t h a t  of understanding and d e f i n i n g  r e l a t i o n s h i p s  between s e t s  of p o s s i b l e  land 
use a c t i v i t i e s  i n  a  given reg ion  and t h e  r e s u l t a n t  energy end use demand. The 
outcome of t h e  sea rch  i s  t h e  determinat ion of t h e  r e l a t i v e  impact of the  s t r a t e -  
g i e s  and measures upon both  t h e  r e g i o n a l  and n a t i o n a l  energy system. 

The Land Use-Energy Simulation Model wi th  i n t e g r a t e d  c a p a b i l i t y  f o r  gen- 
e r a t i n g  energy demand i s  a n ' e x t e n s i o n  of t h e  c l a s s i c  Lowry model. Such a  model 
framework cap tures  two e s s e n t i a l  f e a t u r e s  of t h e  l and  use-energy u t i l i z a t i o n  
i n t e r a c t i o n ;  f i r s t ,  t h e  s p a t i a l  l o c a t i o n  of land use a c t i v i t y  i s  i m p l i c i t ,  and 
second, t r a n s p o r t a t i o n  energy demand i s  determined a s  an  i n t e g r a l  p a r t  of t h e  
s p a t i a l  conf igura t ion .  The model i s  divided bo th  conceptual ly  and computat ional ly  
i n t o  t h r e e  p a r t s ;  t h e  land use model, a  submodel f o r  t r a n s p o r t a t i o n  which pro- 
v i d e s  t h e  work and shop t r i p  d i s t r i b u t i o n s  f o r  s p a t i a l  a l l o c a t i o n  of a c t i v i t i e s  
wi th in  t h e  land use submodel, and an  energy submodel which determines t h e  energy 
demand from the  land use conf igura t ion .  

Two s p e c i f i c  types  of a p p l i c a t i o n s  of t h e  computer model a r e  desc r ibed .  
The model was u t i l i z e d  t o  a s s e s s  t h e  energy demand of the  Long I s l a n d  r e g i o n  
i n  New York. Second, t h e  model was app l ied  t o  s tudy  t h e  .generic r e l a t i o n s h i p s  
between energy u t i l i z a t i o n  and urban form. I n  t h e  f i r s t  i n s t a n c e ,  energy 
savings  of 50% a r e  a s s o c i a t e d  wi th  t r a n s p o r t a t i o n  requirements f o r  a l t e r n a t i v e  
land use p a t t e r n s ,  and t o t a l  energy savings  i n  incremental  growth of up t o  20% 
can be a t t a i n e d  through i n t r o d u c t i o n  of accepted land use plans  prepared by 
reg iona l  planning agenc ies .  I n  the  more genera l  sense ,  t h e  modeling r e s u l t s  
a r e  suggest ive  of lower energy consumption a s s o c i a t e d  wi th  l e s s  c e n t r a l i z e d  
c i t i e s ,  b u t  f u r t h e r  e x p l o r a t i o n  wi th  t h e  model is requ i red  before  a  d e f i n i t i v e  
s ta tement  can be made concerning t h e  magnitude and d i r e c t i o n  of t h e  complex 
i n t e r a c t i o n s  underlying land use p a t t e r n s .  

- iii - 
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The uses  t o  which land is put and t h e  f a c t o r s  which in f luence  t h e s e  

uses  a f f e c t  almost every f a c e t  of a community's o r  a reg ion ' s  l i v a b i l i t y .  

The land use  planning process  has  recognized maay of t h e s e  f a c t o r s  and 

attempted t o  inc lude  t h e m  i n  prepar ing designs  f o r  f u t u r e  land use  

development o r  i n  p r o j e c t i n g  f u t u r e  land uses.  Within t h e  p a s t  few years ,  

i t  has  become c l e a r  t h a t  f o r  many a r e a s  of t h e  country both t h e  manner 

i n  which energy is  consumed wi th in  the reg ion  and t h e  forms taken t o  

accomodate t h a t  demand w i l l  have an  important bear ing  on t h e s e  des igns  

and p ro jec t ions .  I n  p a r t  t h i s  r e a l i z a t i o n  is  t h e  r e s u l t  of f e d e r a l  and 

s t a t e  p o l i c i e s  which a r e  aimed a t  reducing t o t a l  energy expendi tures  and 

i n  s h i f t i n g  t h e  use  of f u e l s  t o  those  which a r e  i n  more p l e n t i f u l  supply.  

It a l s o  s t e m s  from t h e  knowledge t h a t  imbalances i n  r e g i o n a l  energy supply 

and demand can r e s u l t  i n  wide-ranging economic, s o c i a l ,  and environmental  

d i s l o c a t i o n s .  

Examples of the i n t e r p l a y  between land use ,  r e g i o n a l  development, 

and energy u t i l i z a t i o n  a r e  numerous and d iverse :  

The development of urban i n t e r s t a t e  highway networks has quickened 
and extended t h e  spread of r e s i d e n t i a l  and i n d u s t r i a l  development t o  
ou t ly ing  a reas .  These, i n  t u r n  have l e a d  t o  g r e a t e r  pe r  c a p i t a  
energy consumption and h igher  demands f o r  o i l  and e l e c t r i c i t y .  

The cons t ruc t ion  of e l e c t r i c  genera t ion  s t a t i o n s ,  o i l  r e f i n e r i e s ,  
storage f a c i l i t i e s  of t e n  i n t e r f e r e s  wi th  o t h e r  land uses i n  

nearby and ad jacen t  a r e a s  and can lead t o  increased environmental  
r i s k s  t o  a r e a  i n h a b i t a n t s .  

The l o c a t i o n  of energy-intensive i n d u s t r i a l  development w i t h i n  t h e  
country i s  i n c r e a s i n g l y  a f f e c t e d  by p r e v a i l i n g  p r i c e s  and ava i l -  
a b i l i t y  of f u e l s .  Such s h i f t s  n o t  only can have s e r i o u s  impacts 
on regional economies and employment, but  can d i r e c t l y  e f f e c t  t h e  
mix of r e s u l t i n g  land uses  throughout t h e  country. 

From t h e  po in t  of view of analyzing b o t h  p o l i c i e s  which seek  t o  modify 

energy consumption through changes i n  l and  uses  and r e g i o n a l  land use  

-pacts of 'energy supply system c o n s t r a i n t s ,  what i s  needed is  a b e t t e r  



unders tanding of t h e  i n t e r - r e l a t i o n s h i p s  between r e g i o n a l  land use  and 

t h e  energy supply-distribution-demand system. This  r e q u i r e s  a  framework f o r  

viewing t h e s e  r e l a t i o n s h i p s  w i t h i n  t h e  context  of an  o v e r a l l  set of 

r e g i o n a l  development g o a l s  and p re fe rences ,  t h e  a v a i l a b l e  technologies  

which-can h e  u t i l i z e d  t o  supply,  conver t ,  and consume energy,  and t h e  s t a t e d  

energy g o a l s  and p r i o r i t i e s  of t h e  na t ion .  It a l s o  r e q u i r e s  a  methodology 

f o r  c h a r a c t e r i z i n g  land uses  s o  t h a t  t h e i r  a ssoc ia ted  energy and f u e l  

demands can he  q u a n t i f i e d  i n  a manner which- takes  i n t o  account l o c a l  

cond i t ions  and a v a i l a b l e  d a t a  sources ,  F i n a l l y ,  i t  r e q u i r e s  a  land use- 

energy s imulat ion model which is  a b l e  t o  a l l o c a t e  r e g i o n a l  land use  

a c t i v i t i e s  based on reg ion-spec i f i c  b p u t  and e s t i m a t e  r e s u l t i n g  energy 

demands. 

A. A i m  of t h i s  Report 

The Land Use-Energy U t i l i z a t i o n  P r o j e c t  r e p r e s e n t s  an i n i t i a l  e f f o r t  

t o  provide s u c h  a  framework, methodology, and model. I n  t h i s  s tudy ,  which 

i s  supported by t h e  Federal  Energy Adminis t ra t ion,  we have focussed s p e c i a l  

a t t e n t i o n  on t h e  needs of both. f e d e r a l  agencies  and l o c a l  p lanning groups. 

For t h e  f i r s t  group, t h e  r e s u l t s  a r e  d i r e c t e d  toward i n c r e a s i n g  t h e  under- 

s t and ing  of the  way i n  which reg iona l  l and  use t r ends  throughout the  country  

w i l l  impact on f e d e r a l  p o l i c i e s  and goa l s ,  p a r t i c u l a r l y  i n  t h e  a r e a  of energy 

conserva t ion .  For t h e  second audience,  t h e  s tudy is aimed toward d e l i v e r i n g  

a dec ic ion  t o o l  and informat ion base wl-lich w i l l  a l luw  hem t o  explore  

both  t h e  energy impl ica t ions  of a l t e r n a t i v e  l and  use development p a t t e r n s  

and  the  impacts of energy supply and d i s t r i b u t i o n  c o n s t r a i n t s  on l and  use 

development. 

An i n t e r i m  r e p o r t  i s sued  i n  October 1975 d e s c r i b e s  t h e  conceptual  

framework, a  methodology f o r  c a l c u l a t i n g  land use-energy i n t e n s i t y  c o e f f i -  
1 

c i e n t s ,  and a  pre l iminary vers ion  of t h e  land use-energy model. A 

second r e p o r t  has  been i s s u e d  t h a t  o f f e r s  l o c a l  p lanpers  a workbook g a r  

c a l c u l a t i n g  c u r r e n t  and p ro jec ted  energy demands i n  their a r e a s S 2  This 

workbook provides  a  b a s i c  s e t  of information on energy i n t e n s i t y  f a c t o r s  

i n  t h e  major land use  s e c t o r s ,  desc r ibes  procedures f o r  modifying these  

f a c t o r s  t o  t a k e  i n t o  account l o c a l  cond i t ions ,  and p r e s e n t s  i l l u s t r a t i v e  



case. exarqples of t h e  use. of the.~.me.thodologp. . . 

This  r e p o r t  focuses '  o n  the.. land use-energy s imula t ion  model. It  

p r e s e n t s  a de.tai'led d e s c r i p t i o n  of t h e '  model, the '  procedures used t o  c a l i -  

b r a t e .  i t ,  and s e v e r a l  examples' of its. a p p l i c a t i o n .  

T h e . b a s i s  of t h e  model i s  s i m i l a r  t o  t h a t  of t h e  more.common t ranspor-  

t a t i o n  and land-use planning models i n  use ,4  and t h e  land use-energy s imulat ion 

model is  d i r e c t e d  t o  t h a t  p a r t  .of . t h e  planning professiuris  which u t i l i z e s  

computer models as one of its: t o o l s -  i n  a s s e s s i n g  the impacts of land use  

development and r e g i o n a l  grouth. '  
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11. MODEL DESCRIPTION 

v 

A. Systems Framework in  W c h  t h e  Model is Used 

To understand t h e  s p e c i f i c  approach we have taken i n  formulat ing t h e  

l and  use-energy model, i t  is  necessary  t o  review b o t h  t h e  o v e r a l l  systems 

framework of which i t  c o n s t i t u t e s  a  p a r t  and t h e  in tended uses  of t h e  

model. 

Figure  1 shows i n  diagramatic form t h e  conceptual  framework w e  have u t i l i z e d  

f o r  a n a l y s i s  of t h e  r e l a t i o n s h i p s  between land  use development goa l s ,  p re fe rences ,  

and c o n s t r a i n t s  and t h e i r  r eg iona l  and n a t i o n a l  energy impl ica t ions .  This diagram 

i d e n t i f i e s  t h e  b a s i c  elements which e n t e r  t h e  land use-energy l inkages  and those  

p o i n t s  i n  t h e  system where interveri ing s t r a t e g i e s  and measures a r e  l i k e l y  t o  

b r i n g  about changes i n  e x i s t i n g  energy-use p r a c t i c e s  and l and  use  development 

t r ends .  A s  seen i n  t h e  f i g u r e ,  our approach acknowledges t h a t  t h e  primary d r i v i n g  

f o r c e s  which d e f i n e  t h e  mix, l e v e l s ,  and s p a t i a l  arrangement of l and  use a c t i v i t i e s  

i n  a  reg ion  a r e  most of t e n  found t o  be  exogenous t o  energy cons idera t ions .  They 

r e s u l t  from a  v a r i e t y  of e x t e r n a l  economic, s o c i a l ,  and  p o l i t i c a l  cond i t ions ,  many 

of which a r e  s e t  by f a c t o r s  beyond t h e  c o n t r o l  of t h e  region.  Some o f  these ,  how- 

ever ,  a r e  i d e n t i f i a b l e  t a r g e t s  o r  goals  f o r  r e g i o n a l  development, such a s  populat ion,  

employment, and i n d u s t r i a l  r a t e s .  

Regional p re fe rences  w i t h  r e s p e c t  t o  i n d u s t r i a l  development, mix of 

a c t i v i . t i e s ,  zoning, open space,  e t c .  a l s o  e n t e r  i n t o  reg iona l  development, a s  

do c e r t a i n  phys ica l  c h a r a c t e r i s t i c s  of t h e  t e r r a i n  and e x i s t i n g  l and  uses .  

A knowledge of these  reg iona l  development parameters and d e s c r i p t o r s  does 

no t ,  i n  genera l ,  y i e l d  a set of l and  use a c t i v i t i e s  which i s  def ined wi th  s u f f i c i e n t  

p r e c i s i o n  t o  a s s e s s  t h e  p ro jec ted  energy demand. The purpose of t h e  l and  use-energy 

s imula t ion  model i s  t o  provide t h i s  a l l o c a t i o n  f o r  each of t h e  major l and  use  s e c t o r s  

r e s i d e n t i a l ,  commercial, i n d u s t r i a l ,  and t r a n s p o r t a t i o n  and t o  p a r t i t i o n  t h e  end- 

use  s e c t o r s  among t h e  a v a i l a b l e  space i n  t h e  region i n  a  manner t h a t  i s  c o n s i s t e n t  

w i t h  reg iona l  develop,ment goals,and c o n s t r a i n t s .  Once t h i s  d e t a i l e d  s e t  of land use 

a c t i v i t i e s  i s  obta ined from t h e  model, one can e v a l u a t e  t h e  p ro jec ted  energy demand 

f o r  t h e  reg ion  u t i l i z i n g  t h e  energy i n t e n s i t y  c o e f f i c i e n t s  a s s o c i a t e d  wi th  each sub- 

s e c t o r  of l and  use a c t i v i t y .  



r 
LAND USE- 

ENERGY 
ENERGY < END USE 

SIMULATION 
INTENSITY TECHNOLOGY; 

MODEL 

FUEL DEMANDS 
fuel speclflc 

non - fuel specific r-l 

Figure 1. Framework for search and se lect ion  of energy- 
conserving land use patterns: 



The s p e c i f i c a t i o n  o f  energy i n t e n s i t y  must both  r e l a t e  t o  convent ional  

l and  use  c a t e g o r i e s  used by p lanners  and be c o n s i s t e n t  wi th  t h e  va ry ing  manner 

i n  which energy i s  consumed by t h e s e  a c t i v i t i e s .  The o u t p u t  of t h e  l and  use- 

energy s i m u l a t i o n  is then  a  s e t  of energy demands a s s o c i a t e d  wi th  r e s i d e n t i a l ,  

commercial, i n d u s t r i a l ,  and t r a n s p o r t a t i o n  a c t i v i t i e s  of t h e  p r o j e c t e d  l a n d  use 

conf igura t ion .  

The d e s i g n a t i o n  o f  f u e l  s p e c i f i c i t y  f o r  a p p r o p r i a t e  end use  s e c t o r s  and 

o f  t h e  mix o f  f u e l s  needed t o  supply t h e s e  r e g i o n a l  energy demands i s  a  product  

of t h r e e  i n t e r a c t i n g  f a c t o r s .  F i r s t ,  end use  t echnolog ies  a r e  u t i l i z e d  t o  

provide t h e  s e r v i c e s  f o r  which energy is  be ing  consumed. For example, i f  we 

s p e c i f y  t h e  percentage of pe rsona l  t r a v e l  demands i n  t h e  r e g i o n  t h a t  w i l l  r e s u l t  

from t h e  use  of conventionally-powered automobi les ,  and t h e  energy e f f i c i e n c y  

o f  t h e s e  v e h i c l e s ,  we can  p r o j e c t  t h e  amount o f  g a s o l i n e  t h a t  w i l l  be r e q u i r e d  

t o  meet t h e  r e g i o n a l  energy demands s p e c i f i e d  by t h e  l a n d  use-energy model out-  

p u t s .  Second is  t h e  r e g i o n a l  energy s u p p l y - d i s t r i b u t i o n  system, which may a c t  

t o  l i m i t  t h e  t o t a l  amounts of f u e l s  a v a i l a b l e  t o  t h e  r e g i o n .  Gasol ine  d e l i v e r i e s  

t o  t h e  reg ion ,  f o r  example, may be l i m i t e d  by import  f a c i l i t i e s ,  p i p e l i n e  

c a p a c i t i e s ,  e t c .  S ince  t h e  product ion,  p rocess ing ,  and d i s t r i b u t i o n  o f  energy 

a r e  themselves l and  use a c t i v i t i e s ,  and have t h e i r  a s s o c i a t e d  environmental  

e f f e c t s ,  r e g i o n a l  p r e f e r e n c e s  e x e r t  a n  i n f l u e n c e  on t h e  cho ice  of s i t e s  f o r  

" t h e i r  l o c a t i o n  and t h e  energy convers ion t echnolog ies  used (e.g. ,  nuc lea r  vs .  

c o a l - f i r e d  e l e c t r i c  genera t ing  s t a t i o n s ) .  The t h i r d  f a c t o r  i s  t h e  n a t i o n a l  

energy system. Through p o l i c i e s  a f f e c t i n g  energy p r i c e s ,  t h e . a v a i l a b i l i t y  o f  

s p e c i f i c  f u e l  types ,  and cho ice  o f  energy supply t echnolog ies ,  t h i s  system 

o p e r a t e s  t o  i n f l u e n c e  both  t h e  r e g i o n a l  s u p p l y - d i s t r i b u t i o n  system end-use 

t echnolog ies ,  and l a n d  uses .  

To ana lyze  t h e s e  r e g i o n a l  and n a t i o n a l  energy system impacts on f u e l  demands 

and t o . i n s u r e  t h a t  a n  i n t e r n a l l y  c o n s i s t e n t  s e t  of d a t a  and in format ion  i s  used 

t o  d e s c r i b e  t h e s e  systems, we u t i l i z e  t h e  models and d a t a  formats which have been 

developed a t  Brookhaven Nat iona l  Laboratory  f o r  n a t i o n a l  and r e g i o n a l  assessments .  

Uaing t h e  Systems Framework 

The land  use-energy s i m u l a t i o n  model forms a n  e s s e n t i a l  component i n  devel-  

oping a n  unders tanding of t h e  l and  use-energy system i n t e r a c t i o n s .  Since  i t  was 

designed a s  a  p lann ing  t o o l ,  t h e  p o l i c y  v a r i a b l e s  i n  t h e  model r e f l e c t  r e g i o n a l  



development parameters such a s  l o c a t i o n  of new i n d u s t r y ,  r e s i d e n t i a l  zoning, and 

c e r t a i n  c h a r a c t e r i s  t i c s  of t r a n s p o r t a t i o n  s e c t o r  which a r e  o f  d i r e c t  i n t e r e s t  

t o  t h e  p lanner .  It a l s o  inc ludes  r e g i o n a l  development goa l s  such as d e s i r e d  

l e v e l s  o f  popula t ion ,  employment, housing mix, e t c .  A t  t h e  same time;the 

model c o n t a i n s  a n  e x p l i c i t  i d e n t i f i c a t i o n  of t h e  b a s i c  d e s c r i p t o r s  of each l a n d  

use  a c t i v i t y  which w i l l  account f o r  t h e  magnitude and form of i t s  a s s o c i a t e d  

energy demands. 

C h a r a c t e r i z i n g  and q u a n t i f y i n g  t h e  s p e c i a l  r e l a t i o n s h i p s  between t h e  l e v e l ,  

mix, and s p a t i a l  arrangement of l and  uses  and their energy demands r a q u i r e s  t h a t  we 

fo rmula te  a  system of  d i f f e r e n t i a t i n g  l a n d  use  a c t i v i t i e s  which (1) is f a m i l i a r  t o  

l a n d  use  p l a n n e r s ,  (2) i s  a b l e  t o  r e f l e c t  t h e  va ry ing  l e v e l s  of economic development 

i n  t h e  reg ion ,  (3) d i s p l a y s  t h e i r  r e l a t i v e  c o n t r i b u t i o n s  t o  t o t a l  r e g i o n a l  energy 

demands (or t o  the demands on p a r t i c u l a r  f u e l  t y p e s ) ,  (4) d i s t i n g u i s h e s  between 

- a c t i v i t i e s  which a r e  more a p t  t o  respond t o  a v a i l a b l e  energy s u p p l i e s ,  and (5) 

a l l o w s  the e f f e c t i v e n e s s  of energy conserving t e c h n i c a l  p rocess  t o  b e  inc luded .  

It a l s o  r e q u i r e s  t h a t  we s e e k  vary ing  levels of aggrega t ion  of l and  use  a c t i v i t i e s  

i n  the i n d i v i d u a l  s e c t o r s  which (1) a r e  compat ible  w i t h  t h e  l i m i t e d  n a t u r e  of a v a i l -  

a b l e  d a t a ,  C2) u t i l i z e  a v a i l a b l e  submodels t o  estimate t h e  e f f e c t s  of r e g i o n a l  

d i f f e r e n c e s  i n  c l i m a t e ,  energy uses  p r a c t i c e s ,  and c o n s t r u c t i o n  types  on energy 

demand, and (3) a l l o w  where necessa ry  t h e  s p e c i f i c a t i o n  of i n d i v i d u a l  f u e l s  needed 

t o  s a t i s f y  t h e  s e r v i c e s  f o r  which t h e  energy i s  employed, and (4) y i e l d  v a l u e s  f o r  t h e  

energy i n t e n s i t y  f a c t o r s  which are r e l a t i v e l y  c o n s t a n t  throughout t h e  r e g i o n .  

I n  t h e  model e a c h  major s e c t o r  of l and  use  a c t i v i t i e s  i s  subdivided i n t o  a  

number o f  c a t e g o r i e s  and t h e i r  energy (and f u e l  s p e c i f i c )  demands es t imated  on 

t h e  b a s i s  of su rveys  o f  e x i s t i n g  in format ion  and d a t a  sources .  The energy demands per  

u n i t  a c t i v i t y ,  which a r e  t h e  l and  u s e  energy i n t e n s i t y  f a c t o r s ,  thus  r e p r e s e n t  

average  va lues  f o r  a  composite s e t  of end-use s e r v i c e s  w i t h i n  t h e  l a n d  use  a c t i v i t y  

ca tegory  f o r  which energy is being consumed. The energy i n t e n s i t y  f a c t o r  f o r  t h e  

s ing le - fami ly  dwel l ing ca tegory ,  f o r  example, c o n t a i n s  in format ion  s p e c i f i c  t o  

t h e  r e g i o n  on average energy consumption f o r  space  h e a t ,  a i r  c o n d i t i o n i n g ,  and minor 

and major app l iances .  To c a s t  t h e s e  l and  use-energy demands i n  terms f a m i l i a r  t o  

p l a n n e r s ,  we use  d i f f e r e n t  u n i t s  i n  d i t f e r e n t  l and  use s e c t o r s  .-- dwel l ing u n i t  i n  

t h e  r e s i d e n t i a l  s e c t o r ,  square  foo tage  i n  t h e  commercial s e c t o r ,  i n d u s t r i a l  s a l e s  o r  

number o f  employees i n  t h e  i n d u s t r i a l  s e c t o r ,  and v e h i c l e  miles  i n  t h e  t r a n s p o r t a t i o n  

s e c t o r .  The s p a t i a l  clement i n  s p e c i f y i n g  t h e  f i n a l  l and  use p a t t e r n  is  cap tured  i n  



t h e  t r a n s p o r t a t i o n  s e c t o r  of t h e  model which takes  i n t o  account both  t h e  

e x i s t i n g  t r a n s p o r t a t i o n  network and knowledge of n a t i o n a l  and reg iona l  t r a v e l  
. - 

p a t t e r n s .  

The a p p l i c a t i o n  o f  t h e  conceptual  approach o u t l i n e d  i n  Figure  1 u s u a l l y  

c o n s i s t s  of t h r e e  b a s i c  s t e p s :  

1 )  A "business-as-usual case" is  prepared i n  which t h e  inpu t  parameters 

Czoning, i n d u s t r i a l  development, e t c  .) t o  t h e  l and  use-energy s imula t ion  

model r e p r e s e n t  c o n t i n u a t i o n  of p resen t  t r e n d s .  The r e s u l t i n g  energy 

and f u e l  demands a r e  then compared w i t h  t h e  o u t p u t s  of the reg iona l  

energy supply system. Loadings on t h e  n a t i o n a l  energy system a r e  es t imated.  

2) A l t e r a t i o n s  are then introduced i n t o  t h e  i n p u t s  of the land  use-energy 

s imula t ion  model which r e s u l t  i n  a  changed land use  p a t t e r n  and s e t  of 

energy end-use derrands which a r e  d i f f e r e n t i a t e d  between f u e l  s p e c i f i c  

and non-fuel s p e c i f i c  demands. 

3) The Brookhaven supply-demand models can then be used t o  determine minimum 

c o s t  f u e l  a l l o c a t i o n  t o  meet these demands. Included i n  these  models a r e  

any c o n s t r a i n t s  imposed by reg iona l  p re fe rences ,  t h e  energy product ion and 

conversion technologies  u t i l i z e d ,  and n a t i o n a l  supply a v a i l a b i l i t i e s  . 
B .  Exis t i n g  Models 

Our approach t o  t h e  des ign of a  l and  use-energy u t i l i z a t i o n  model r e f l e c t s  a  

v a r i e t y  of concerns. These inc lude  the p o l i c y  v a r i a b l e s  and paramet-e-rs-which should 

be  a c c e s s i b l e  i n  t h e  model, i t s  a b i l i t y  t o  cap ture  the complexity of land use and 

energy demand p a t t e r n s  wi thout  becoming too cumbersome, and t h e  ease  wi th  which the  

model s t r u c t u r e  might be adapted t o  l o c a l  cond i t ions  i n  d i f f e r e n t  regions .  Other 

l and  use  and energy models have had t o  d e a l  w i t h  s i m i l a r  ques t ions .  Therefore,  we 

have reviewed some of  t h e  more widely known models i n  t h e  f i e l d s  of l and  use 

and of energy systems. There is, of  course ,  no a  p r i o r i  reason t o  a n t i c i p a t e  com- 

p a t a b i l i t y  between any 6f t h e  e x i s t i n g  models of l and  use and those  of energy 

systems, s i n c e  s u c c e s s f u l  models which have been developed i n  each of these  a r e a s  

have a r i s e n  from e s s e n t i a l l y  d i s j o i n t  sets of po l icy  i n t e r e s t s .  Our review was 

intended r a t h e r  t o  shed l i g h t  on those  model s t r u c t u r e s  and conceptual  approaches 

which have been s u c c e s s f u l l y  implemented. I n  t h i s  r e s p e c t ,  a  number of e x i s t i n g  

models have provided u s e f u l  i n p u t  i n  our conceptual ' ization of l and  use-energy u t i l i -  

z a t i o n  r e l a t i o n s h i p s  and the modeling approaches. 



Land U s e  Models. Modern r e g i o n a l  land-use models a r e  outgrowths of work 

i n i t i a t e d  i n  the e a r l y  f i f t i e s  t h a t  was in tended t o  a s s i s t  p lanners  i n  t h e  design of 

t r a n s p o r t a t i o n  systems. Most e a r l y  models w e r e  based upon a factoring-up of e x i s t i n g  

land-use p a t t e r n s ,  and few employed r e c u r s i v e  systems of any kind.  The models were 

n o t  designed wi th  t h e  i n t e r n a l  s e l f  -adjustment over  time necessary  t o  r e f l e c t  

dynamic change. It was n o t  u n t i l  approximately 1960 that dynamic l and  use models 

began t o  be  developed. 

Perhaps the most s i g n i f i c a n t  of the e a r l y  l and  use  modell ing s t u d i e s  was t h e  

D e t r o i t  A r e a  Transpor ta t ion  study5 (1955), which is p r i m a r i l y  noted f o r  i t s  innovat ions  

i n  t h e  q u a n t i f i c a t i o n  of i n t e r s e c t o r  " a c t f v i t y "  r e l a t i o n s h i p s .  Three p a r t i c u l a r l y  

w e l l  known works t h a t  appeared i n  the mid-1960's changed the course  of land-use 

modell ing s i g n i f i c a n t l y :  B r i t t o n  H a r r i s t  work on l i n e a r  programming and land-use 

f o r  t h e  Penn-Jersey Transpor ta t ion  S t ~ d y ; ~  Kenneth S c h l a g e r l s  suggest ions  f o r  a land 

u s e  des ign model cons t ruc ted  w i t h  a  l i n e a r  p r o g r a m i n g  f ~ r m a t ; ~  and I r a  S. Lowry's 

Model of Metropolis  f o r  t h e  RAND ~ o r p o r a t i o n , ~  a n  approach which s p a t i a l l y  a l l o c a t e s  

commercial and r e s i d e n t i a l  employment w i t h i n  a reg ion  from exogenously determined 

b a s i c  employment da ta .  This model was developed a s  a p a r t  of a system designed 

t o  genera te  land-use a l t e r n a t i v e s  f o r  d e c i s i o n  making purposes i n  t h e  P i t t sburgh  

Comprehensive. Renewal Program. 9 

The Lowry model is s i g n i f i c a n t  n o t  on ly  f o r  i t s  innovat ion t h e o r e t i c a l  

f e a t u r e s ,  bu t  f o r  i ts  o p e r a t i o n a l  a p p l i c a b i l i t y .  Several  important l and  use 

development s t u d i e s  i n  t h e  l a t e  1960's  and e a r l y  1970's  embodied ehe b a s i c  Lowry 

model c h a r a c t e r i s t i c s .  The CONSAU Corporation application i n  ~ i t t s b u r g h  (TOEIM) 10 

expanded the  model by d i saggrega t ing  the household s e c t o r  by var ious  c h a r a c t e r i s t i c s .  

The Bay Area Simulation Study (BASS 1 )  of 1965,11 t h e  P r o j e c t i v e  Land Use Model 

CPLUM) of 1968 incorpora ted  i n  t h e  Bay Area Transpor ta t ion  Study Commission (BASTC), 12 

and the Cornel l  Land-Use G a m e  CCLUGl of 196613 a r e  a l l  Lowy-based. It should be 

noted t h a t  t h e  Loury model has  had the a d d i t i o n a l  advantage of having been empi r ica l ly  

t e s t e d .  The model has been a p p l i e d  ex tens ive ly  on a subregional  b a s i s  i n  England, 14 

and perhaps t h e  most i n t e n s i v e  a p p l i c a t i o n  has  occurred wi th  t h e  Ljubl jana Model 

C19 70) of American-Yugoslav pro ect15 which demons Crates land-use model a p p l i c a t i o n s  

i n  urban and r e g i o n a l  planning.  

Energy Mudels. T l ~ e  c l a s s  ul: ellergy iuudels i s  extremely l a r g e ,  and they span 

a much longer  pe r iod  i n  h i s t o r y  than t h e  l and  use models. Much of t h e  e a r l y  t h r u s t  



of energy models focused upon t h e  economics of  supply  and demand i n  s p e c i f i c  f u e l s .  

Such models were developed by and f o r  p u b l i c  and p r i v a t e  producers .  Examples a r e  

e l e c t r i c  u t i l i t y  f o r e c a s t i n g  models16 which a t tempted t o  a s s e s s  s t r a t e g i e s  f o r  

c a p a c i t y  expansion,  and models of o i l  company opt imal  a l l o c a t i o n  of  crude and re-  

' f i n e d  products  between sources ,  r e f i n e r i e s ,  and f i n a l  demands a t  s p e c i f i e d  f u t u r e  

d a t e s .  
17 

More r e c e n t l y ,  modell ing e f f o r t s  have been d i r e c t e d  toward n a t i o n a l  po l i cy  

i s s u e s .  There a r e  s e v e r a l  conceptual  t r a c k s  followed by suchmode l s ,  and each  o f f e r s  

a d i f f e r e n t  p e r s p e c t i v e  on the energy system. Generalized systems modell ing,  f o r  

example, has been a p p l i e d  t o  the i s s u e  o f  i n t e r f u e l  s u b s t i t u t i o n s .  Simulat ion of 

f lows of energy resources  t o  end u s e  demands is based upon formulat ions  of energy 

system c o s t s ,  investment d e c i s i o n s ,  and c o n s t r a i n t s  upon s u p p l i e s  of r e sources .  The 

model creakes  a s e t  of energy p r i c e s ,  q u a n t i t i e s  a v a i l a b l e ,  and u t i l i z a t i o n  of 

energy resources  over  t ime.  Network and l i n e a r  programming formulat ions  of  t h e  

energy system have been used e x t e n s i v e l y  i n  technology assessment.  l9 A l l  s t e p s  i n  

t h e  energy cha in ,  i n c l u d i n g  e x t r a c t i o n ,  r e f i n i n g ,  convers ion,  s t o r a g e ,  t r ansmiss ion ,  

d i s t r i b u t i o n ,  and end use dev ice  a r e  r epresen ted .  Each such  process  is  desc r ibed  

by convers ion e f f i c i e n c y ,  c a p i t a l  and o p e r a t i n g  c o s t ,  and p o l l u t a n t  emiss ions .  

The model i s  then used t o  a s s e s s  energy-.economic-environmental Lmpacts of p r o j e c t e d  

new technologies .  Input-output a n a l y s i s  of energy i n  t h e  n a t i o n a l  economy a l s o  

proyes v a l u a b l e ,  20721 Here, the  d o l l a r  t r a n s a c t i o n  matrix, a t  d i f f e r i n g  l e v e l s  of 

disaggregation, i s  augmented wi th  energy consumption p e r  u n i t  of ou tpu t .  This per-  

m i t s  s tudy  of the d i r e c t  and i n d i r e c t  energy c o s t s  o f  consumer p roduc t s ,  t ime t r e n d s  

of these energy c o e f f i c i e n t s ,  and even s h i f t s  i n  t h e  employment-energy i n t e n s i t y  of 

i n d u s t r y  over  t ime.22 ~ n a l y s i s  of f u e l  demand i n  response  t o  a d e t a i l e d ,  compre- 

hensive  f o r e c a s t  of t h e  ecanomy has a l s o  been prepared.  23 Modified macro-economic 

models have been used i n  t h e  same con tex t .  24 There is a l s o  cons ide rab le  i n t e r e s t  

i n  coupl ing energy system models t o  n a t i o n a l  economic models, t o  draw upon t h e  b e s t  

f e a t u r e s  of  each.25 I n t e r f u e l  s u b s t i t u t i o n s  i n  t h e  network r e p r e s e n t a t i o n  of t h e  

energy system imply changes i n  t echno log ica l  c o e f f i c i e n t s  i n  t h e  input-output ma t r ix .  

The Brookhaven Energy System Optimization ~ o d e 1 ~ ~  is  run i n  conjunct ion w i t h  t h e  

Univers i ty  of I l l i n o i s  input-output t o  r e f i n e  p r o j e c t e d  energy flows and 

a s s u r e  c o m p a t i b i l i t y  between energy a v a i l a b i l i t y  and n a t i o n a l  GNP. 

The range of modeling e f f o r t s  i s  f a r  wider than might be  imagined from t h i s  

b r i e f  review b u t  t h e  d e s c r i p t i o n  does convey some f e e l i n g  f o r  t h e  p o t e n t i a l  

b read th  o f  energy modeling which has  taken p lace .  



C . Model Formulation 

The Brookhaven-Stony Brook Land Use-Energy Simulation Model is an  extension of 

a n  ex tens ion  of t h e  c l a s s i c  Lpwry We have modified t h e  ~ o w y  model i n  

s e v e r a l  important ways. The housing s e c t o r  has been disaggregated i n t o  a s  many 

a s  f i v e  s t r u c t u r a l  types .  The housing, commercial, and i n d u s t r i a l  s e c t o r s  a r e  

disaggregated i n t o  sub-sectors s u i t a b l e  f o r  energy demand c a l c u l a t i o n s  by an  energy 

submodel. The Lowry a lgor i thm f o r  t h e  d i s t r i b u t i o n  o f  r e s i d e n t i a l  a c t i v i t y  has been 

modified t o  enable  c o n s i s t e n t  computation of work t r i p   pattern^.^' Network a lgor i thms 

are used t o  e s t a b l i s h  i n t e r t r a c t  t r a v e l  times and d i s t a n c e s .  Such a  model framework 

c a p t u r e s  two e s s e n t i a l  f e a t u r e s  o f  t h e  l and  use-energy u t i l i z a t i o n  i n t e r a c t i o n :  

1 )  t l ~ e  s p a c i a l  l o c a t i o n  o f  l a r d  use  a c t i y i t y  f s  t?xplScSf, and 
2) t r a n s p o r t a t i o n  energy demand i s  determined a s  an i n t e g r a l  p a r t  of t h e  

s p a t i a l  conf igura t ion .  

The land use-energy s imula t ion  model i t s e l f  i s  divided bo th  conceptual ly  and 

computat ional ly  i n t o  t h r e e  p a r t s :  t h e  land-use model shown by the. bold  lines i,n 

f i g u r e  2, a  submodel f o r  t r a n s p o r t a t i o n  which provides  t h e  work and shop t r i p  

d i s t r i b u t i o n  f o r  s p a t i a l  a l l o c a t i o n  of a c t i v i t i e s  w i t h i n  t h e  land-use submodel, 

and a n  energy submodel which determines energy demand r e s u l t i n g  from t h e  land use 

con£ igura  t i o n .  

Regional growth i n  the niodel is pred ica ted  upon an i n d u s t r i a l  employment 

b.ase and the e x i s t i n g  t r a n s p o r t a t i o n  i n f r a s t r u c t u r e .  S i t e - spec i f i c  manufacturing 

and o ther  i n d u s t r y  dependent upon the i n t e r r e g i o n a l  t r a n s p o r t a t i o n  network o r  t h e  

a v a i l a h i l i t y  of l o c a l  r esources ,  s u c h  as water,  is termed "b.asicl' i n d u s t r y  ( a l l  

employment l o c a t e d  outs$de the reg ion  is  a l s o  considered "basic").  The region is  

d iv ided  i n t o  t r a c t s  and, f o r  b a s i c  indus t ry ,  t h e  employment and acreage a r e  

s p e c i f i e d  f o r  each t r a c t .  Using a t r i p  d i s t r i b u t i o n  func t ion  der ived from t h e  

t r a n s p o r t a t i o n  network, whi,ch measures p re fe rence  f o r  t ravel .  j.n the regi.on, a 

r e s i d e n t i a l  popu la t ion  is  s p a t i a l l y  a l l o c a t e d  c o n s i s t e n t  with i n d u s t r i a l .  empl..nymen.t 

~ p p o r t u n i t i e s . ~ ~  R e t a i l .  and o t h e r  commercial a c t i v i t y ,  such a s  o f f i c e s  and schools ,  

measured by employment o p p o r t u n i t i e s  i s  a l s o  s p a t i a l l y  d i s t r i b u t e d  us ing  t h e  charac te r -  

i s t i c s  of the t r a n s p o r t a t i o n  network f o r  residential-commercial  t r a v e l .  Zoning and 

measures of agglomeration a r e  expressed a s  c o n s t r a i n t s  upon l o c a t i o n  of a c t i v i t i e s  

i n  s p e c i f i e d  t r a c t s .  The sequence of reg iona l  development is  por t rayed through 

a p p r o p r i a t e  i n t e r v e n t i o n  i n t o  growth i n  i n d u s t r i a l  employment, zoning changes, housing 

mix, and modi f i ca t ions  i n  t h e  t r a n s p o r t a t i o n  network r e p r e s e n t a t i o n .  

The model is  adapted t o  t h e  determinat ion o f  energy demands i n  s e v e r a l  import-. 

i n g  r e s p e c t s .  The r e s i d e n t i a l  s e c t o r  i s  disaggregated i n t o  types of housing wi th in  
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Figure  2 .  Land u s e  and energy u t i l i z a t i o n  model. 



o l d  and new housing s t o c k s  f o r  which energy demands d i f f e r  s i g n i f i c a n t l y .  This 

f a c i l i t a t e s  examining t h e  impact of the s ing le /mul t i f ami ly  housing mix, whose 

complexity is represen ted  i n  r e s i d e n t i a l  zoning-employment-travel i n t e r a c t i o n s  i n  the  . 

s p a t i a l  a l l o c a t i o n  process .  A l i n e a r  program is u t i l i z e d  t o  e s t a b l i s h  the housing 

mix i n  each t r a c t ,  i n  which t h e  o b j e c t i v e  func t ion  expresses  p re fe rences  f o r  each  type 
' 

of  b u s i n g  in the t r a c t  and the c o n s t r a i n t s  r e f l e c t  zoning r e s t r i c t i o n s  and l and  

a v a i l a b i l i t y .  Commercial s e c t o r  energy is s i m i l a r l y  a s s o c i a t e d  w i t h  d i f f e r e n t  types  

of r e t a i l  a c t i v i t y .  I n d u s t r i a l  s e c t o r  energy is determined through b a s i c  i n d u s t r i a l  

employment i n  the reg ion ,  
Transpor ta t ion  energy is determined d i r e c t l y  i n  the  model. Since  rhe  a c t u a l  

s p a t i a l  a l l o c a t i o n  is tempered by zoning and agglomeration f a c t o r s ,  t h e  r e s u l t i n g  

l a n d  use  conf igura t ion  r e f l e c t s  the "constrained preferences"  01 r e s i d e n t s  wi th  

r e s p e c t  t o  t r a v e l .  Actual  indust r ia l - res ident ia l -commercia l  t r a v e l  assignments by 

t r a c t ,  t r i p  d i s t r i b u t i o n  f o r  d i f f e r e n t  purposes,  and v e h i c l e  occupancy r a t e s  a r e  

u t i l i z e d  in t h e  ~ a l c u l a t ~ o n  of passenger miles of t r a v e l  and energy consumption. 30 

Modal s p l i t  may b e  i n t e g r a t e d  i n t o  t h e  model through s p e c i f i c  g r i d  assignments wi th  

a l t e r n a t i v e  modes of t r a n s p o r t a t i o n .  Overall, t h e  s p a t i a l  l and  use  conf igura t ion  

b o t h  d e t a m i n e s  and is determined by the t r a n s p o r a t i o n  network s o  t h a t  t r a v e l  p a t t e r n s  

and a s s o c i a t e d  energy demand a r e  e x p l i c i t .  

Land U s e  Submodel 

Thc development of a l and  use  conf igura t ion  w i t h i n  the submodel is s t r a i g h t -  

forward. For convenience, a  summary o f  reqil ired i n p u t  v a r i a b l e s ,  parameters,  a n d  

uu tpu t  v a r i a b l e s  is shown in Tablc 1. The reg ion  of i n t e r e s t  is subdivided iuLo 

s m a l l e r  p a r c d f i ,  of laud c a l l e d  " t r a c t s "  which, f o r  good r e s o l u t i o n  and c o m p a t i b i l i t y  

w i t h  t h e  l o c a l  shop t r i p  d i s t r i b u t i o n  f u n c t i o n s ,  should be  taken t o  be s e v e r a l  square  

miles i n  a r e a .  

B Tota l  employment i n  t r a c t  i, E;, i s  t h e  sum of b a s i c  employment, E , .  p l u s  
A 

cK I 

commercial employment, E. . Thrce types of commercial employment a r e  d i f f e r e n t i a t e d  
1 

t o  r e f l e c t  t h e  d i f f e r e n t  t r a v e l  p a t t e r n s  and e c o n o ~ i c s  nf s c a l e  requ i red .  To ta l  

employment i s  gfven by: 

I n i t i a l l y ,  t h e  s imula t ion  begins  wPLh no commercial a c t i v i t y  i n  t h e  t r a c t s  

s o  t h a t  ECK = 0 f o r  every commercial type,  and a l l  employment i n  the t r a c t s  c o n s i s t s  
j 

o f  b a s i c  i n d u s t r i a l  employees. Employment i n  t r a c t  i c r e a t e s  a  need f o r  r e s i d e n t i a l  . 



u n i t s  i n  t r a c t  i and surrounding t r a c t s ,  j. The number o f  households .generated i n  
W 

t r a c t  .j a s  a  r e s u l t  o f  employment i n  t r a c t  i is  g E T where g i s  a  normal izat ion i i j '  

constant.  and TW is  t h e  work " t r i p  index" which measures the propens i ty  f o r  t r a v e l  i j 
from r e s i d e n t i a l  sites i n  t r a c t  j t o  works i t es  i n  t r a c t  i. For t h e  moment, we need 

W 
only  no te  t h a t  t h e  t r i p  i n d i c e s  Tij1s a r e  decreas ing func t ions  o f t h e  d i s t a n c e  

between t r a c t s  i and j which r e s u l t s  i n  a  decrease  of r e s i d e n t i a l  u n i t s  i n  t r a c t s  

more remote from employment oppor tuni t ies . .  A complete d i scuss ion  of t h e  computation 

of work and shop t r i p  i n d i c e s  (TW and TCK r e s p e c t i v e l y )  appears  i n  the t r a n s p o r t a t i o n  
i. j i j  

submodel s e c t i o n .  

The number of households i n  a  p a r t i c u l a r  t r a c t  j is  determined by l o c a t i o n  

p re fe rence  expressed i n  t h e  t r i p  index and by zoning r e s t r i c t i o n s .  The access- 

i b i l i t y  o f  r e s i d e n t i a l  a r e a s  i n  t r a c t  j from a l l  work s i t e s  g ives  households: 

w h e r e  N i s  the t o t a l  number of t r a c t s  i n  the reg ion  and H. r e p r e s e n t s  t h e  number of 
J 

househDlds t h a t  would p r e f e r  t o  l o c a t e  i n  t r a c t  j. However, zoning r e s t r i c t i o n s  a c t  

t o  l i m i t  the maximum r e s i d e n t i a l  d e n s i t y  ach ievab le  i n  each t r a c t  t o  

where i s  t h e  a r e a  a v a i l a b l e  f o r  r e s i d e n t i a l  'use i n  t r a c t  j and zH i s  t h e  maximum 
j j 

r e s i d e n t i a l  d e n s i t y  permit ted  f o r  t r a c t  j. I f  this r e s i d e n t i a l  zoning c o n s t r a i n t  were 

t o  be  v i o l a t e d  by t h e  number of households which would p r e f e r  l o c a t i o n  i n  a  t r a c t ,  

then t h e  number of households, H i s  set t o  t h e  maximum permit ted by equat ion (3) 
j ' 

and the  excess  households a r e  r e d i s t r i b u t e d  s u b j e c t  t o  (a) work t r a v e l  p re fe rences  ' 

(T".) and (b) t h e  amount of r e s i d e n t i a l  l and  remaining vacant  i n  o t h e r  t r a c t s .  . ' 

1 J  

R e s i d e n t i a l  energy demand depends on t h e  housing mix i n  each t r a c t ,  o r  t h e  

p ropor t ion  of d i f f e r e n t  types  of r e s i d e n t i a l  s t r u c t u r e s  ( s i n g l e  family  detached, s i n g l e  

family  a t t a c h e d ,  multi-family,  low r i s e ,  high r i s e ) .  Since  t h e  mix i s  a f f e c t e d  by 
H 

t h e  zoning (Z.) ,  a  l i n e a r  p r o g r a m i n g  formulat ion was used t o  s e l e c t  t h e  housing mix 
J 

i n  each t r a c t .  I f  H.  i s  t h e  t o t a l  number of households of s t r u c t u r a l  type m i n  
J 

t r a c t  j then t h e  formal l i n e a r  programming formulat ion i s  given by: 



s u b j e c t  to :  

i. The t o t a l  number of h o u s e b l d s  i n  t r a c t  j must b e  c o n s i s t e n t  wi, th the 

number of households found from equat ions  C2) and (3) above. . 

2. The a r e a  used i n  each t r a c t  f o r  housing c o n s t r u c t i o n  cannot exceed t h e  

' t o t a l  zoned a r e a  a v a i l a b l e  f o r  r e s i d e n t i a l  use.  I f  qm is  t h e  land a r e a  

requ i red  ( l o t  s i z e )  f o r  each r e s i d e n t i a l  u n i t  of type m, then 

3. Zoning r c s t r i c t i o n s ,  Zoning r e s t r i c t i o n s  c o n s t r a i n  t h e  number of housing 

u n i t s  o f  e a c h  housing type.  I f  each f is  t h e  f r a c t i o n  of land w i t h i n  m 
t h e  t r a c t  which is  zoned f o r  each  type "m" housing, then 

where, f o r  f e a s i l i b i t y ,  we r e q u i r e  

The c o e f f i c i e n t s  i n  t h e  o b j e c t i v e  func t ion ,  h  *Y be 
m 

low d e n s i t y  housing o r  t o  opt imize  any o t h e r  l i n e a r  u t i l i t y  func t ion  invo lv ing  t h e  

number of households of e a c h  s t r u c t u r a l  type.  Once t h e  p ropor t ions  of d i f f e r e n t  

housing types  a r e  e s t a b l i s h e d ,  energy i n t e n s i t y  f a c t o r s  may be u t i l i z e d  t o  determink 

energy demands f o r  t h e  r e s i d e n t i a l  s e c t o r .  

The market a c t i v i t y  f o r  commercial s e r v i c e s  of a l l  types  is  generated by both  

home-based and work-based shopping t r i p s .  Work-based shop t r i p s  a r e  assumed t o  be 

walking t r i p s  which occur on ly  w i t h i n  the t r a c t  of employment. On t h e  o t h e r  hand, 

commercial employment t o  support  r e s i d e n t i a l  development i n  t r a c t  i is determined by 

a t r i p  index T~~ which expresses  travel p re fe rences  f o r  shopping. Commercial employ- ij ' 
ment i n  t r a c t  j is then  given by: 



TABLE 1 

LAND USE SUBMODEL 

Input  Var iab les  

To ta l  area i n  t r a c t  j 

Unusable a r e a  i n  t r a c t  j 

Basic i n d u s t r y  a r e a  i n  t r a c t  j 

Basic i n d u s t r i a l  employment i n  t r a c t  j 

Work t r i p  i n d i c e s  between sites i and j 

Shop t r i p  i n d i c e s  between sites i and t h r e e  types of shopping C K = ~ ,  2 , 3 )  

Maximum r e s i d e n t i a l  d e n s i t y  permit ted  i n  t r a c t  j 

Minimum number of employees requ i red  i n  any t r a c t  f o r  r e t a i l  type  cK 
(K=l, 2 , 3 )  . Economy of s c a l e .  

Housing. p re fe rences  f o r  s t r u c t u r a l  type m 

F r a c t i o n  of usab le  l and  permit ted f o r  commercial use  

Parameters 

Number of employees of type c K r e q u i r e d  per  household (de fau l t s  may be  
changed) 

Normalization cons tan t  computed i n t e r n a l l y  

Normalization cons tan t  computed i n t e r n a l l y  

Constant i n d i c a t i n g  r e l a t i v e  importance of home based shop t r i p s  i n  
creaLLrig r e t a i l  employment of type cK 

Constant i n d i c a t i n g  r e l a t i v e  i~~~purLarice uf wark based shop t r i p s  i n  
c r e a t i n g  r e t a i l  employment of type c  K ' 

c + dK 5 1 is imposed. 



TABLE 1 (continued) 

D e f i n i t i o n  o r  Purpose o r  Function 

Area per  household o f  s t r u c t u r a l  t y p e  m 

Number o f  a c r e s  per  retail employee o f  t y p e  c  requ i red  K 

Inverse  o f  l a b o r  f o r c e  p a r t i c i p a t i o n  rate 

F r a c t i o n  of t o t a l  a r e a  i n  t r a c t  permit ted  t o  be of s t r u c t u r a l  type m 

Output Var iab les  

Commercial employment of type c and t r a c t  j K 

T o t a l  commercial a r e a  i n  t r a c t  j 

Numher of households i n  t r a c t  j 

Area a v a i l a b l e  f o r  r e s i d e n t i a l  use 

Number of households of s t r u c t u r a l  type x i n  t r a c t  j 

T o t a l  employment i n  t r a c t  j 



where bK i s  a  normal izat ion cons tan t .  The parameters cK, dK, which i n d i c a t e  t h e  

r e l a t i v e  importance of home-based shop t r i p s  and work-based shop t r i p s  r e s p e c t i v e l y  
K 

s a t i s f y  cK + d  = 1. 

The t o t a l  employment of r e t a i l  t y p e  c  i n  t h e  r e g i o n  is assumed t o  be  pro- 
K 

p o r t i a o n l  t o  the t o t a l  number of households i n  the reg ion .  That is, i f  i t  r e p r e s e n t s  

the r e g i o n a l  t o t a l  f o r  households, and if a  CK is  the labor  p a r t i c i p a t i o n  r a t e  f o r  

employees of r e t a i l  type  cK, Ch~en 

The c o m e r c i a l  employment of type c  i n  t r a c t  j given i n  equat ion ( 9 )  i s  
K 

requ i red  t o  s a t i s f y  two a d d i t i o n a l  cond i t ions ,  F i r s t ,  a s u f f i c i e n t l y  high l e v e l  of 

demand f o r  commercial a c t i v i t y  of r e t a i l  t y p e  cK is  requ i red  i n  a  t r a c t  t o  make t h e  

a c t u a l  c o n s t r u c t i o n  o f  t h a t  r e t a i l  t y p e  p r o f i t a b l e .  This agglomeration c o n s t r a i n t  

t a k e s  the form 

The l and  which must be a l l o c a t e d  f o r  commercial purposes is  a  func t ion  of t h e  
C~ 

employment of each commercial type E . I f  eCK is  t h e  gross  a r e a  requ i red  p e r  
j 

employee of r e t a i l  type c  then t h e  a r e a  requ i red  f o r  commercial use i n  t r a c t  j i s  
K' 

However, the area a c t u a l l y  used f o r  commercial purposes i n  t r a c t  j i s  f u r t h e r  r e s -  

t r i c t e d  by' t h e  a r e a  a c t u a l l y  a v a i l a b l e  f o r  commercial use a f t e r  unusable l and  A 
u 
j 

have been withdrawn, o r  

where r is  t h e  f r a c t i o n  of a v a i l a b l e  l and  which is  zoned commercial. Values f o r  
j 

r determine t h e  i n t e r s p e r s i o n  of commercial and r e s i d e n t i a l  a c t i v i t i e s .  
j 

The ac reage  a v a i l a b l e  f o r  r e s i d e n t i a l  u s e  i s  that which has  n o t  been 

u t i l i z e d  f o r  o t h e r  purposes.  



Equations (12) , C13), C14), e s t a b l i s h  a p r i o r i t y  on land use;  b a s i c  i n d u s t r y  has  

f i r s t  p r i o r i t y ,  followed by c o m e r c i a 1  and f i n a l l y  r e s i d e n t i a l  a c t i v i t y .  

Regional cond i t ions  on employment and t o t a l  number of households a r e  r e f l e c t e d  

i n  t h e  normali .rat ion c o n s t a n t s  g and bCK of equat ions  C2) and (4). The t o t a l  

number of households is the product of the i n v e r s e  of t h e  r e g i o n a l  l abor  f o r c e  

p a r t i c i p a t i o n  rate f and the t o t a l  employment, 

TranspoVtation~Submodel 

The t r a n s p o r t a t i o n  submodel s e r v e s  two purposes. F i r s t ,  i t  provides  t h e  

" t r i p  ind ices"  TCK and T W to t h e  l a n d  use  model (equat ions  2 and 4)  f o r  t h e  s p a t i a l  
1J i~ 

a l l o c a t i o n  of r e s i d e n t i a l  s i t e s  r e l a t i v e  t o  employment c e n t e r s  and of commercial 

a c t i v i t y  r e l a t i v e  t o  r e s i d e n t i a l  development. Second, i t  nses  t h e  s p a t i a l  d i s t r i -  

b u t i o n  of res idences ,  employment, and commercial a c t i v i t y  t o  compute v e h i c l e  mileage 

f o r  work and shop purposes.  

The t r i p  i n d i c e s  T and T~~ express  t h e  aggregate  p re fe rence  f o r  t r a v e l  
i j i j 

between t r a c t s  i and j and depend upon t h e  a c c e s s i b i l i t y  o r  d i f f i c u l t y  of t r a v e l  

between these  t r a c t s .  They a r e  c a l c u l a t e d  on t h e  b a s i s  of t r i p  d i s t r i b u t i o n  

f u n c t i o n s ,  such a s  t h a t  shown i n  Figure  3,  which r e f l e c t  t h e  f a c t  t h a t  fewer people 

w i l l  t r a v e l  t o  t r a c t s  l e s s  a c c e s s i b l e  from t h e i r  p l a c e  of work o r  t e s idence .  I n  t h e  

o r i g i n a l  v e r s i o n  of t h e  Lowry model, t h e  t r i p  i n d i c e s  T~~~ and T~~ were func t ions  only 
i j 

of t h e  d i s t a n c e  d between t r a c t s  i and j: 
i j 

rjW - fW(d. .) 
13 

C 

T . .  CK i L K(d. .) K l- 1 , 2 , 3  
1J 1J 

K 
where, f o r  example, t h e  func t ions  f W  and f  t a k e  t h e  form of i n v e r s e  polynomials: 



W W W 
The cons tan t s  C and B a r e  der ived by a t t empt ing  t o  s e l e c t  those  cW and B f o r  

which the f u n c t i o n  in equa t ion  (16) "bes t  f % t  the data"  (see f i g u r e  31 ,  However, 

a i n  the Land--Use-Energy Simulat ion Model, t ime of t r a v e l  i s  u t i l i z e d  a s  the v a r i a b l e  

i n  t r i p  d i s t r i b u t i o n  func t ions .  The t r i p  ind ices  a r e  determined by the combination 

* o t  d i s t a n c e  and speed on the t rans .por ta t ion  network. 

The computation of  work t r i p  and shop t r i p  mileage i s  done w i t h i n  t h e  c o n t e x t  

of the land-use model and is concep tua l ly  s t ra igh. t forward.  Travel  t akes  p l a c e  over  

a uniform network of  l o c a l  roads ,  o v e r l a i d  w i t h  a system of high-speed l i m i t e d  access  

highways o r  mass t r a n s i t .  People are assunled t o  fo1lo.w the shor tes t - t ime  p a t h  

between any two p o i n t s .  Consequently, i n i t i a l  d a t a  t o  this p o r t i o n  of the  sub-model 

c o n s i s t s  of the g r i d  coord ina tes  of t h e  c e n t r o i d s  of a l l  t r a c t s .  Time-of-travel  

between p a i r s  of t r a c t s  i s  i n i t i a l l y  def ined a s  d i s t a n c e  times the average l o c a l  road 

speed,  Highways and/or  mass t r a n s i t  a r e  then in t roduced by reducing t ime-of-travel  

between p a i r s  of t r a c t s  a c c e s s i b l e  t o  the highway o r  t r a n s i t  system, A modified 

~ l o ~ d s ~ l  a lgor i thm is  used t o  compute slurtest-time pa ths  between a l l  p a i r s  of t r a c t s  

a long w i t h  the a s s o c i a t e d  d i s t a n c e .  

S ince  the land-use model c r e a t e s  f o r  each  employment s i t e  a s p a t i a l  d i s t r i -  

bu t ion  of r e s i d e n t i a l  housing around t h a t  employment si te c o n s i s t e n t  w i t h  a c c e s s i b i l i t y  

and zoning cond i t ions  (equations 2 and 31, the home-to-work d i s t a n c e s  a r e  known 

e x p l i c i t l y .  Equation (2) g ives  the number of employees employed a t  i and l i v i n g  a t  j .* 

The d a i l y ,  one-way work-tr ip passenger miles from i t o  j is then 

where dij i s  the d i s t a n c e  (ca lcu la ted  a s  above) between t r a c t s .  The annual work t r i p  

mileage i s  then 

W 
v = -  2m C C ~  E T ~  

f p  i j i j i i j  

where mW is  t h e  number of working days i n  a y e a r ,  and p is the automobile occupancy 

rate f o r  work t r a v e l .  

"This is modified by a p r o p o r t i o n a l l y  c o n s t a n t  f o r  s a t u r a t e d  t r a c t s  j . See (9) 



DISTANCE ( d )  OF EMPLOYMENT SITE 
FROM RESIDENTIAL TRACT 

Figure  3 &  T r i p  d io tr ibut ion  functioa.. 



SYMBOL 

. TABLE 2 

TRANSPORTATION SUBMODEL 

DF3'.INITION OR PURPOSE OR FUNCTION 

Input  Var iab les  

Grid coord ina tes  of the c e n t e r  of each t r a c t  

Speeds of highway l i n k s  between a c c e s s i b l e  t r a c t s  

P a r a e t e r s  

Average l o c a l  road speeds 

Number of  shopping t r i p s  p e r  year  pe r  household f o r  
shopping purpose K. 

Number of working days p e r  y e a r  

Automobile occupancy r a t e  f o r  work t r ip  t r a v e l  

Ca l ib ra ted  parameters i n  t h e  t r i p - d i s t r i b u t i o n  f u n c t i o n  
f o r  work and shop 

Output Yar iab les  

Work-trip i n d i c e s  between a l l  p a i r s  of t r a c t s  

K = 1 , 2 , 3 .  Shop tri* i n d i c e s  between a l l  p a t r s  of t r a c t s  

Dis tances  between a l l  p a i r s  of t r a c t s  (over s h o r t e s t  
t ime-of-travel  r o u t e )  

Vehicle-miles f o r  work t r ips  y e a r l y  

Vehicle. miles f o r   hopping y c a r l y  



Shopping t r i p  mileage i s  computed from t h e  f i n a l  d i s t r i b u t i o n  of r e s i d e n t i a l  

and commercial a c t i v i t y  i n  a s l i g h t l y  d i f f e r e n t  manner. Households are assumed t o  

make a c e r t a i n  number of t r i p s  annual ly  f o r  each of the three types of shopping. The 

l e n g t h s  of these t r i p s  were der ived by e x a m i n g  the o p p o r t u n i t i e s  f o r  shopping of 

e a c h  t y p e  r e l a t i y e  t o  e a c h  r e s i d e n t i a l  s i te and d i v i d i n g  the households shopping 
K trips among these o p p o r t u n i t i e s  according t o  t h e i r  a c c e s s i b i l i t y .  I f  m i s  t h e  number 

of shopping t r i p s  per year  pe r  h o u s e h ~ l d  f o r  type K shopping, and H. the  number of 
1 

households i n  t r a c t  i, t h e  t o t a l  number of shopping t r i p s  f o r  purpose K from i is 

mKX-Li. These shopping t r i p s  a r e  divided among neighboring t r a c t s  which have type K 
CK commercial a c t i v i t y ,  that is, f o r  which E # 0) according t o  t h e i r  a c c e s s i b i l i t y .  

j 
T h e  number of t r i p s  from i t o  j t o r  purpose K i s  then 

C~ 0 i f E  = O  
where 6& = j 

1 ~ ~ E ' K + o  
j 

The annual shopping t r i p  mileage is ,  t h e r e f o r e ,  

- - 
Energy Submodel 

The energy submodel computes the energy requirements of t h e  l and  use  configur- 

a t i o n  generated by t h e  submodels above. I ts i n p u t  v a r i a b l e s ,  parameters,  and ou tpu t  

v a r i a b l e s  a r e  l i s t e d  i n  t a b l e  3 .  

The e x t e n t  of t h e  d e l i n e a t i o n  of t h e  s p e c i f i c  land use  a c t i v i t i e s  and character-  

i z a t i o n  of t h e  energy demands f o r  s e p a r a t e  l and  use  a c t i v i t i e s  i n  t h e  model depends 

upon s e v e r a l  f a c t o r s .  On the one hand, w e  wish t o  d e l i b e r a t e l y  r e s t r i c t  t h e  l e v e l  of 

d i saggrega t ion  s i n c e  no p o i n t  is served by a model y i e l d i n g  a l e v e l  o f  d e t a i l  t h a t  t h e  

l and  use  planner cannot u t i l i z e .  For example, t h e  planner  can, a t  least i n  Lheory, 

e x e r t  some measure of in f luence  over  t h e  cho ice  of s i n g l e  family  v s .  fnulriple family  

dwel l ings ,  o r  the d e n s i t y  of land use .  However, this c o n t r o l  genera l ly  does no t  

extend t o  t h e  d e t a i l s  of t h e  type  of cons t ruc t ion  used, o r  t h e  income d i s t r i b u t i o n  of 

t h e  p ro jec ted  populat ion.  On the o t h e r  hand, one should n o t  r e p r e s e n t  a wide range of 

demands by a s i n g l e  number. For example, we should aggrega te  a l l  s i n g l e  family 

dwel l ings  i n t o  one category of l and  use ,  only  i f  the d i s t r i b u t i o n  of t o t a l  energy 

demand of a l l  s u c h  dwel l ings  i n  t h e  reg ion  i s  smal l  compared t o  t h e  average demand. 



The approach we adopt is  t o  employ, i n  s o  f a r  a s  p o s s i b l e ,  t h e  same s e t s  

o f  land use a c t i v i t i e s  used by land use p lanners .  For any p a r t i c u l a r  set o f  

such a c t i v i t i e s  where t h e  c h a r a c t e r i z a t i o n  of t h e  energy demands is no t  s u f f i -  

c i e n t l y  w e l l  def ined i n  t h e  sense  given above, we c h a r a c t e r i z e  s u b s e t s  which do 

s a t i s f y  t h i s  c r i t e r i o n .  

R e s i d e n t i a l  energy is computed on t h e  b a s i s  of t h e  mix of s t r u c t u r a l  

type i n  t h e  region.  

5 n 
R e s i d e n t i a l  Energy = X C H~ e 

m = l  j=l J H,m 

where e is  t h e  energy demand of a housing u n i t  of type m. 
H,m 

Commercial energy i s  computed on t h e  b a s i s  of commercial employment and 

f loorspace .  , 

.J 

Commercial Energy = C ECk Sk e C s k  
k = l  

Here S i s  t h e  number of square  f e e t  of f loorspace  per  commercial employee 
k 

of type k and e is t h e  y e a r l y  energy p e r  square  f o o t .  
c , k  

I n d u s t r i a l  energy is  computed on t h e  b a s i s  of employment, d isaggregated 

i n t o  f i v e  c a t e g o r i e s  ( l i g h t  indus t ry ,  medium i n d u s t r y ,  minimg and metals ,  paper 

and chemicals,  and s y n t h e t i c s ) :  
- . 

c 
-1 

I n d u s t r i a l  Energy = C EByk e 
k = l  B,k 

where EBpk and e a r e  t h e  number of b a s i c  employees i n  Category k and e i s  
B,k B,k 

t h e  a s s o c i a t e d  energy demand. 

Transpor ta t ion  energy depends on t o t a l  v e h i c l e  mi les  y e a r l y  by mode: 

2 
Transpor ta t ion  Energy = Z (vS+ vW) G~ e 

k = l  T,k 

k 
where G is t h e  f r a c t i o n  of v e h i c l e  miles  t r a v e l e d  by mode k (k - 1, auto ,  k = 2 

bus)  and e is  t h e  energy demand p e r  v e h i c l e  mile .  
T , k 

F i n a l l y ,  we no te  t h a t  energy i n t e n s i t i e s  a r e  a v a i l a b l e  f o r  a f i n e r  d i s -  

aggregat ion of t h e  four  s e c t o r s .  These may be  used where support ing d a t a  is  



a v a i l a b l e .  For example, d i saggrega t ion  by age c l a s s  i n  t h e  r e s i d e n t i a l  s e c t o r  

i s  p o s s i b l e .  

Table 3 

ENERGY SUBMODEL 

Symbol D e f i n i t i o n  

Energy demand per  household p e r  y e a r  
f o r  s t r u c t u r a l  type m 

Energy demand per  square  f o o t  of 
f loorspace  f o r  commercial s t r u c t u r e  
o f  type k 

Square f e e t  of f loorspace  per  employee, 
commercial type k 

Energy demand p e r  i n d u s t r i a l  employee 
type k 

.Energy demand per  v e h i c l e  mi le ,  mode k 



D. C a l i b r a t i o n  

The Long I s land  Nassau-Suf f  o l k  reg ion ,  which is r e p r e s e n t a t i v e  of t h e  r a p i d l y  

growing suburban f r i n g e  of many of the n a t i o n ' s  c i t i e s ,  served a s  a  t e s t i n g  ground 

f o r  the methods and concepts.  The c u r r e n t  populat ion of t h e  Nassau-Suffolk reg ion  

shown in f i g u r e  4 is  approximately 2,500,000 w i t h  a f u r t h e r  populat ion i n c r e a s e  of 

1,5Q0,000 expected by the year  2000. The reg ion  now con ta ins  a mix of a r e a s  of h igh 

populat ion d e n s i t y  c l o s e  t o  New York C i t y  and semi-rural  a r e a s  i n  t h e  e a s t e r n  t i p  of 

Long I s l a n d .  Areas t h a t  were only  e n t i r e l y  a g r i c u l t u r a l  a r e  being taken over by 

housing developments, shopping c e n t e r s ,  and i n d u s t r i a l  parks .  A t  p resen t ,  t h e  o v e r a l l  

p a t t e r n  of land use  i n  t h e  Nassau-Suffolk reg ion  c o n s i s t s  of mostly detached s i n g l e -  

family homes w i t h  a v a r i e t y  of retail types ,  o f f i c e s ,  and i n d u s t r i a l  parks  s c a t t e r e d  

a long major highways and in te rconnec t ing  roads .  With c u r r e n t  r e s i d e n t i a l ,  commercial, 

and i n d u s t r i a l  sites s o  t h i n l y  i n t e r s p e r s e d  and no b a s i c  system of pub l ic  t r a n s p o r t a t i o n ,  

the p r i v a t e  automobile forms an  e s s e n t i a l  p a r t  of t h e  "Long Is land"  l i f e - s t y l e .  

The Land Use-Energy Simulation Model r e q u i r e s  t h e  fol lowing c a t e g o r i e s  of 

da ta  t o  provide an  adequate  r e p r e s e n t a t i o n  of r e g i o n a l  c h a r a c t e r i s t i c s :  

1. Land Use Submodel : i n d u s t r i a l  employment 

i n d u s t r i a l  a r e a  

t o t a l  a r e a  

unusable a r e a  . . 

r e g i o n a l  economic and l and  u s e  parameters 

2. Transpor ta t ion  submodel: work t r i p  f u n c t i o n  parameters 

shop t r i p  functi.on parameters 

occupancy r a t e s  and d a t a  on numbers of work and 

ohopping t r i p o  annual ly  

3 .  Energy submodel: energy per  dwel l ing u n i t  of each s t r u c t u r a l  type 

energy per  sq .  f t .  of commercial f l o o r s p a c e  

energy per  i n d u s t r i a l  employee of each type 

energy per  v e h i c l e  m i l e  f o r  each mode 

A l i s t  of t h e  va lues  of land use ,  t r a n s p o r t a t i o n ,  and energy parameters f o r  

t h e  Long I s l a n d  c a l i b r a t i o n  is  given i n  Table 4 .  While t h e  d a t a  demands f o r  t h e  

model appear t o  be  s u b s t a n t i a l ,  most of such d a t a  is commonly and e a s i l y  ava i l ab le ,  

t o  p lanning agencies  i n  most r eg ions  of t h e  country.  The "East End" of t h e  reg ion  is 

two narrow peninsulas .  The development of t h e s e  s e v e r l y  cons t ra ined  by phys ica l  



TABLE 4 

PARAMETERS USED FOR LONG ISLAND STUDY 

SYMBOL 

aC1  

Dm IN IT ION VALUE 

. 

Number of  employees of  type  cK r e q u i r e d  pe r  household 
Cdefault  may b e  changed) 

R e l a t i v e  importance ,of work based shop t r i p s  i n  c r e a t i n g  
r e t a i l  employment of  type  c,. 

R 

cK + dK = 1 is  imposed. 

I n v e r s e  of l a b o r  f o r c e  p a r t i c i p a t i o n  r a t e  

Minimum number of employees r e q u i r e d  i n  any t r a c t  f o r  r e t a i l  
t y p e  cKCK = 1,2,31.  Economy of s c a l e  

Number of a c r e s  pe r  re ta i l  empioyee of type  c r equ i red  
K 

I 
Maximum r e s i d e n t i a l  d e n s i t y  pe rmi t t ed  i n  t r a c t  j i n  
households per a c r e ,  

F r a c t i o n  o f  t o t a l  households i n  t r a c t  permit ted  t o  be  of 
s t r u c t u r a l  type  m 

Houning prcfcrcncco f o r  s t r u c t u r a l  type  m ,Cm 7 1,. . .51 . 
, 



TABLE 4 Ccont.1 

SYMBOL 

r 
j 

1 .  
Q 

2 
4 

3 
P 

4 
q 

5 
Q 

DEFINITION 

F r a c t i o n  of u s a b l e  l and  permit ted  f o r  commercial u s e  

Area pe r  household of s t r u c t u r a l  t y p e  m i n  a c r e s  

Number of shopping t r i p s  p e r  y e a r  p e r  household f d r  
shopping purpose K. 

Number of working days p e r  yea r  

Automobile occupanay r a t e  f o r  work t r i p  t r a v e l  

C a l i b r a t e d  parameters i n  t h e  t r i p - d i s t r i b u t i o n  func t ion  
f o r  work and shop 

6 
R e s i d e n t i a l  energy demand (10 Btu) 

(Old s tock)  

VALUE 

1 



SYMBOL 

TABLE 4 (Cont . ) 

DEFINITION 

6 
R e s i d e n t i a l  Energy Demand (10 Btu) 

(New Stock) 

3 
Commercial Energy Demand (10 Btu/sq. f t .) 

(Old Stock) 

3 
Commercial .Energy Demand (10 Btulsq.  f t . ) 
(New Stock) 

Sq, f t .  s i t e  space/eupluyee 

9 I n d u s t r i a l  Energy Demand (10 Btulemployee) 

Transpor ta t ion  Energy Demand 

(BtuIVehicle Mile) 

VALUE 

109 



l i m i t a t i o n s  of water supply p r e s e r v a t i o n  of marine resources  and farmland p r o t e c t i o n  

programs. Consequently, only  l i m i t e d  growth i.s expected wi th in  t h e  t ime frame f o r  

t h e  regiorial  s tudy  i n  t h e  a p p l i c a t i o n s  s e c t i o n  of this r e p o r t  and the e a s t  end a r e a s  

were no t  included i n  c a l i b r a t i o n  of t h e  model. 

Land use  da ta  was obta ined from t h e  Nassau-Suffolk Bi-County Regional Planning 

Commission f o r  a g r i d  system of t h r e e  m i l e  square  t r a c t s  Csee f i g u r e  4 ) .  Land use  

d a t a  i n  16 c a t e g o r i e s  was reduced t o  t o t a l  a r e a ,  i n d u s t r i a l  a r e a ,  commercial a r e a ,  

and a category f o r  undevelopalile o r  unusable acreage including water a r e a ,  parks and 

r e c r e a t i o n ,  e t c .  Employrsent and populat ion d a t a  were a v a i l a b l e  from county publ i -  

c a t i o n s ,  but  r equ i red  additi.ona1 d i saggrega t ion  t o  be compatible w i t h  t h e  t h r e e  

mi.l.e t r a c t  systcm. 

Land use,  employment, and populat ion informat ion were taken from t h e  years  

1970-1975 but  were ad jus ted  t o  t h e  common base  year  1970 f o r  purposes of model 

c a l i b r a t i o n .  However, i t  should be noted t h a t  t h e  r e g i o n a l  boards '  l and  use  d a t a  

inc ludes  inforaat i .on f o r  1968, 1975, and 1985. Comprehensive Plan es t imates  should 

prove u s e f u l  i n  a s s e s s i n g  ques t ions  of reg iona l  growth. Since i t  is p o s s i b l e  t o  

f o r c e  the model i n t o  Very s p e c i f i c  p a t t e r n s  of development by a poor choice  of 

zoning, s e l e c t i n g  maximum r e s i d e n t i a l  d e n s i t y  c o n s t r a i n t s  r e q u i r e s  c a r e .  We s e t  

t h e  m a x b u m  d e n s i t y  c o n s t r a i n t  zH t o  a s i n g l e  v a l u e  f o r  a l l  t r a c t s ,  which c o n s t r a i n s  
J 

populat ion dens i . t i e s  in western Nassau County near  New York Ci ty  bu t  o therwise  permits  

t h e  a l l o c a t i o n  of t h e  remaining populat ion wi thout  c o n s t r a i n t .  

Basic employment was composed of t h r e e  components. I n d u s t r i a l  and mining 

a c t i v i . t i e s  employ approximately 20% of the reg iona l  workforce. An a d d i t i o n a l  25% a r e  

enployed i n  New York Ci ty ,  which i s  t r e a t e d  a s  a works i t e  bu t  i s  otherwise  o u t s i d e  

t h e  b0undar i . e~  of land use  i n t e r a c t i o n s  i n  t h e  model. Cer ta in  f e d e r a l  and s t a t e  

agencies  and i n s t i . t u t i o n s ,  which toge ther  employ only a smal l  percentage of the  

r e g i o n ' s  workforce, were a l s o  included a s  b a s i c  employment. 

I n  a d d i t i o n  t o  t h e  d e t a i l e d  employment da ta ,  r e g i o n a l  t o t a l s  of r e t a i l  em- 

ployment and l and  use  by type,  as w e l l  a s  average r e s i d e n t i a l  land use  f i g u r e s  were 

used t o  develop the land use p a r a a e t c r s  ahswn in Table 4 .  C e r t a i n  parameter va lues  
k (such a s  t h e  agglomeration c o n s t r a i n t  va lues  Z ) can be c a r r i e d  over from t h e  

o r i g i n a l  P i t t s b u r g h  c a l i b r a t i o n  of t h e  Lowry model. 

Few d e t a i l e d  t r a n s p o r t a t i o n  s t u d i e s  were a v a i l a b l e  f o r  t h e  Long I s l a n d  

region.  The most r e c e n t  such s tudy  f o r  work-trip t r a v e l  p a t t e r n s  d a t e s  from 1963. 
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Figure 4. Grid system for the Nassau-Suffolk case'. 



V i r t u a l l y  no in-depth s tudi .es  of shop t r i p  t r a y e l  p a t t e r n s  have been done, though 

some bus iness  d i s t r i c t  t r k p  information was a v a i l a b l e  from surveys of parking needs 

and r e s i d e n t i a l  l o c a t i o n  of a u t o s  r e l a t i v e  t o  t h e  i n d i v i d u a l  shopping d i s t r i c t s  

under study. However, s t u d i e s  of o t h e r  reg ions  of t h e  country do provide some 

hackground on average t r i p  l e n g t h s  and t r i p  d i s t r i b u t i o n s  which can be  used i n  

conjunct ion w i t h  reg ion-spec i f i c  da ta  t o  provide a n  o v e r a l l  c a l i b r a t i o n  of t h e  

model. For this a p p l i c a t i o n  and c a l i b r a t i o n  of t h e  model, t h e  t r i p  i n d i c e s  were 

taken t o  be f u n c t i o n s  of d i s t a n c e ,  and were e s t a b l i s h e d  from t r ip - leng th  d a t a .  

The energy i n t e n s i t y - f a c t o r s  a p p r o p r i a t e  f o r  t h e  Long I s l a n d  a r e a  were taken 

from "The Planners '  Energy Workbook", which desc r ibes  techniques and d a t a  sources  

t.0 e s t a b l i s h  the energy i n t e n s i t y  a s s o c i a t e d  w i t h  land use  a c t i v i t i e s  f o r  any reg ion  

of the country.  The charac te r iza t i ,on  of energy shown i n  t a b l e  4 - by s t r u c t u r a l  

type f o r  r e s i d e n t i a l  uses ,  e.g.  - is convenient f o r  analyzing l and  use  a s  a de te r -  

minant of energy demands. However, t o  explore  the e f f e c t  of r eg iona l  energy s u p p l i e s  

upon land use  and o t h e r  more d e t a i l e d  energy system i n t e r a c t i o n s  r e q u i r e s  f u r t h e r  

d i saggerga t ion  of end use  t o  r e f l e c t  d e t a i l s  of f u e l  consumption p a t t e r n s ,  such a s  

e l e c t r i c  load  curves .  

Overal l ,  t h e  model c r e a t e s  a s p a t i a l  l and  use  conf igura t ion  very much l i k e  

that e x i s t i n g  i n  t h e  r e g i o n . o f  1970.k The t o t a l  r e s i d e n t i a l  populat ion i n  each zone 

o f  t h e  reg ion  Cthe v e r t i c a l  " s t r i p s "  numbered i n  Figure  4.) is p l o t t e d  i n  Figure  5 

showing t h e  model's results and f i .gures  e x t r a c t e d  from 1970 census d a t a .  To ta l  

commercial land,  aga in  by zone, i s  shown i n  Figure  6 ,  and compared t o  1975 Planning 

C o ~ s s i o n  da ta .  In Figure  7, t h e  commercial employment by zone of works i t e  i s  shown. 

*The model was b p l k e n t e d  on the UNIVAC U l l O O  us ing  t h e  UNLVAC ASCII F o r t r a n  
compiler.  Th i s  machine i s  repor ted  t o  b e  2 o r  3 t imes f a s t e r  than the I B M  3701155, 
bu t  slower than t h e  CDC6600 o r  7600, Computation time on t h e  UNIVAC f o r  t h e  land 
use  and energy p o r t i o n s  of t h e  model f o r  a reg ion  divided i n t o  300 t r a c t s  i s  
about 2% - 3 minutes. The computation t ime i s  b a s i c a l l y  quadra t i c  i n  t h e  number 
of t r a c t s ,  but  computation time a l s o  v a r i e s  widely depending on t h e  d a t a  involved.  
Memory requirements a r e  es t imated a t  l e s s  than 25,000 words. This is  more a product 
of t h e  l e n g t h  of t h e  code (approximately 2,000 stateulenrs) than t h e  need t o  s t o r e  
d a t a .  

The add ic ion  of t h e  transportation model adds considerably  t o  time and c o r e  requ i re -  
ments. The a lgor i thm we are p r e s e n t l y  us ing is  cub ic  i n  t h e  number of t r a c t s  
and t akes  9 minutes f o r  300 t r a c t s .  A s  was mentioned e a r l i e r ,  this a lgor i thm 
produces 21-12 i n d i c e s  r e p r e s e n t i n g  t ime-of-travel  and d i s t a n c e .  I f  n=300, t h i s  number 
i s  180,000. These numbers a r e  s t o r e d  a s  i n d i c e s  ranging from 0 t o  127, and packed 
f i v e  t o  a 36-bi.t UNIVAC word, s o  t h a t  36,000 a d d i t i o n a l  words a r e  requ i red .  
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F i g u r e  5. Popu la t ion  by zone. 
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F i g u r e  6 .  Commercial l and  by zone ( thousands  of  a c r e s ) .  
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F i g u r e  7 .  Commercial  employment. 



Also shown a r e  1970 census f i g u r e s  on t h e  c o m e r c i a 1  workforce by p l a c e  of res idence.  

Census d a t a  on employment by p l a c e  oS work cannot be u t i l i z e d  f o r  c a l i b r a t i o n  because 

eaployees i n  these t a b u l a t i o n s  were a l l o c a t e d  t o  company headquar ters  r a t h e r  than 

a c t u a l  l o c a t i o n  of work. Comparisons of r e s i d e n t i a l  aoreage and o t h e r  c a l i b r a t i o n  

measures fo l low s i m i l a r  p a t t e r n s .  Both numbers of persons .Chouseholds, gmployees, 

t r a v e l e r s )  and l and  a r e a s  a l l o c a t e d  t o  d i f f e r e n t  a c t i v i t i e s  fo l low aggregate  reg iona l  

p a t  t e r n s .  

The model a l s o  r e p l i c a t e s  s p e c i f i c  d e t a i l  i n  smal le r  groups of t r a c t s  such 

a s  concen t ra t ions  of commercial a c t i v i t y  near  l a r g e  r e s i d e n t i a l  populat ions .  Figure  

9  shows a  s c a t t e r - p l o t  of commercial acreage f i g u r e s  from Bi-County d a t a  and model 

r e s u l t s  f o r  two-tract  a r e a s .  Again, t h e  agreement between model r e s u l t s  and r e g i o n a l  

d a t a  is  q u i t e  good. A p a r t  of the d i f f e r e n c e s  between t h e  model and r e g i o n a l  da ta  is  

inconcis tency i n  the  t r a c t  l and  use  d a t a  b a s e  i t s e l f .  

I n  F igure  8 ,  t h e  average work-trip l e n g t h  der ived from the model f o r  a r e a s  

of Long I s l a n d  is shown. Also shown a r e  va lues  c a l c u l a t e d  from the Long I s l a n d  

Journey-to-Work Report (1963). The averages  were taken over a r e a s  corresponding 

approximately t o  zones 1-3, 4-5, 6-8, 9-13, and 13-20. Both l e n g t h  of t r i p  and t h e  

t r end  i n  work t r ip  l e n g t h s  a s  we move outward from New York C i t y  a r e  i n  r e l a t i v e l y  

good agreement. 

F i n a l l y ,  Table 5 g i v e s  a  comparison of t h e  model's energy demands w i t h  es t imates  

de r ived  from a  Brookhaven National Laboratory  s tudy  f o r  t h e  Long I s l a n d  Light ing 

Company, based O f l  urilicy and o t h e r  supply=side  d a t a .  

The i n d u s t r i a l  development s p e c i f i e d  i n  t h e  model was e n t i r e l y  l i g h t  indus t ry ,  

whereas t h e r e  a r e  small amounts o f  more energy i n t e n s i v e  i n d u s t r y  i n  t h e  region.  
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Figure 8. Worktrip lengths. 
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Figure  9 .  S c a t t e r - p l o t  of commercial ac reages  f o r  
2 - t r ac t  s e c t i o n s .  



TABLE 5 

ENERGY COMPARISONS ON YEAlU,Y BASIS 

LBND USE ENERGY PREDICTED ENERGY DERIVED 
SECTOR BY MODEL cl012 BTU) I N  REPORT[7q] (1,012 BTU) % DIFFERENCE 

R e s i d e n t i a l  89. 84.1 +5.5 

Basic 24.6 28.9 -15 

Transpor ta t ion* 44.1 47.1 -6 

*This i n c l u d e s  au to  t r a v e l  f o r  purposes of work and shop and incorpora tes  au to  
e f f i c i e n c i e s  a t  end use .  The model i n  i t s  c u r r c n t  form does not inc lude  s o c i a l  
r e c r e a t i o n s 1  t r i p s  s i n c e  these  t r i p s  a r e  n o t ,  i n  genera l ,  based s o l e l y  on employment 
l e v e l s  and households b u t  a l s o  on t h e  p e c u l i a r  l o c a l  geographical  f e a t u r e s  i n t e r n a l  
and e x t e r n a l  t o  t h e  reg ion  of s tudy.  It has  been found [35] t h a t  t r a n s p o r t a t i o n  
energy consumption f o r  t h e  Northeas t e r n  Region c o n s i s t s  of : 

70% - Personal  Auto 
15% - Truck Fre igh t  

5% - Inter-Ci ty  Rail-Bus-Air 
8% - O t h e r  F r e i g h t  
2% - Miscellaneous 
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111. APPLICATIONS 

The computer model was developed a s  a  t o o l  f o r  two s p e c i f i c  types  of a p p l i c a t i o n s .  

F i r s t ,  s p e c i f i c  reg ions  of the country can be analyzed t o  es t imate  the  energy demands 

of t h e  reg ion  under v a r i o u s  growth scenar ios .  The o b j e c t  h e r e  would be t o  analyze 

t h e  long term land use and energy impl ica t ions  of changes i n  r e s i d e n t i a l  zoning, 

commercial r e s t r i . c t i o n s ,  and b a s i c  i n d u s t r i a l  s i t i n g s .  I n  t h e  second case ,  t h e  

computer model i s  intended t o  shudy the gener ic  r e l a t i o n s h i p s  between energy 

u t i l i z a t i o n  and "urban form". 

A .  Basir  I n d u s t r i a l  S i . t ing  

Ln this s e c t i o n ,  we d e s c r i b e  t h e  prel-inary f ind ings  of s e v e r a l  computer runs  

of t h e  model which a r e  aimed a t  explor ing the gener ic  r e l a t i o n s h i p  between energy 

demand and "basic" i n d u s t r i a l  employment d i s p e r s i o n  i n  a n  urban sprawl s i t u a t i o n .  

The r e s u l t s  a r e  sugges t ive  and i n d i s a t e  the. need f o r  f u r t h e r  exp lora t ion  wi th  t h e  

model be fore  d e f i n i t i v e  s t a tements  can be  made concerning t h e  magnitude and d i r e c t i o n  

of t h e  i n t e r a c t i , o n s  . 
The model has  been app l ied  t o ' a  p r o t o t y p i r a l  region with 675 square  mi les .  The 

t o t a l  b a s i c  employment i n  t h e  regi.on was, he ld  f i x e d  bu t  t h e  manner i n  which i t  was 

d i s t r i b u t e d  r a d i a l l y  around a  p rese lec ted  g r i d  was allowed t o  vary according t o  t h e  

func t ion  

where r is t h e  r a d i a l  d i s t a n c e  from t h e  c e n t r a l  g r i d  and ro is  a  cons tan t  wUch 

determines t h e  d i s p e r s i o n  of b a s i c  employment i n  suburban reg ions .  E(ro) is a  

cons tan t  w i t h  r e s p e c t  t o  r bu t  i s  s e l e c t e d  t o  o b t a i n  t h e  proper t o t a l  b a s i c  employ- 

ment i n  the region.  I f  ro is very l a r g e  (ro 100 s a y ) ,  then t h e  b a s i c  employment 

approaches a  uniform d i s t r i b u t i o n ,  however, a s  r approaches zero,  t h e  b a s i c  employment 
0 

becomes more concentra ted i n  a  " c e n t r a l  business  d i s t r i c t " .  (.See Figure  1 0  below). 

Not ice  t h a t  t h e  s c a l e s  used f o r  populat ion d e n s i t y  and employment d e n s i t y  d i f f e r  by a  

f a c t o r  of f o u r  and may mislead t h e  c a s u a l  r eader .  I n  view of this f a c t ,  populat ion 

d e n s i t i e s  a r e  much h igher  f o r  t h e  concentra ted employment case  and decay more 

r a p i d l y  than t h e  l e s s  c e n t r a l i z e d  case .  
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2.9 (MILLIONS) P 

Figure l l a .  Total da i ly  work t r i p  mileage per household. 
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Figure l l b .  Total work plus a l l  shop mileage per 
household. 



The r e s i d e n t i a l  zoning r e s t r i c t i o n s  were he ld  f i x e d  f o r  a l l  runs  with a uniform 

maximum d e n s i t y  c o n s t r a i n t  zH roughly equ iva len t  t o  suburban sprawl.  S ing le  family 
j 

detached and a t t a c h e d  homes were permit ted  w i t h  a  p re fe rence  f o r  s i n g l e  family  

detached homes. Figure  10 i l l u s t r a t e s  t h e  b a s i c  employment d i s t r i b u t i o n  and the 

r e s u l t i n g  populat ion d i s t r i b u t i o n .  Table 6 s w w a r i z e s  the r e s u l t s  of twelve computer 

r u n s .  The d i s p e r s i o n  f a c t o r  (ro) took on t h r e e  va lues  Cro = . 3 ,  1.5 ,  7.5) f o r  each 

of f o u r  populat ions  C.58 m i l l i o n ,  1.15 m i l l i o n ,  2.3 m i l l i o n ,  and 5 m i l l i o n ) .  

Figures  l l a  and b i l l u s t r a t e  t h e  complex t rade-of f  between work- and shopping- 

t r i p  v e h i c l e  m i l e s  i n  e a c h  cas.e. Cen t ra l i zed  employment (r: = .3) impl ies  t h a t  work 
0 

t r i p  l e n g t h s  are r e l a t i y e l y  long Whereas sbppznp trends tend t o  remain relatively 

s h o r t .  For d i spersed  employment 0: = 7.51, i .e.,  where a c e n t r a l  r eg ion  of h igh 
0 

b a s i c  employment is  surrounded by s i g n i f i c a n t  l e v e l s  of di.spersed suburban employment, 

the graphs imply s h o r t e r  work-trip l e n g t h s  bu t  longer  shopping-trip l eng ths .  The 

reason  f o r  t h e s e  s h i f t s  appears  t o  be  a r e s u l t  of t h e  agglomeration c o n s t r a i n t s .  Lower 

popula t ion  dens i . t i e s  cannot suppor t  commercial development except a t  a l i m i t e d  number 

of si.tes. Overal l ,  t h e  least v e h t c l e  mi les  p e r  household occurs  f o r  t h e  case  of 

some modest suburban efnployment. 

It is  u s e f u l  t o  examine t h e  t o t a l  annual pe r  c a p i t a  consumption. Low, widely 

d i s t r i b u t e d  populat ions  C.58 m i l l i o n  people w i t h  r = 7,5) require 96.9 x lo6 Btu/ 
U 

person whereas l a r g e  c e n t r a l i z e d  populat ions  C5 m i l l i o n  people wi th  ro = .3) r e q u i r e  

105.2 x lo6  Btu/person.  This  p o i n t s  t o  the l a r g e  p o t e n t i a l  savings  which a r e  achievable  

through c a r e f u l  cho ices  of land-use p a t t e r n s  i n  a growing reg ion .  

Table 6 i n d i c a t e s  that growth i n  a reg ion  can be accomplished w i t h  e i t h e r  

i n c r e a s i n g  or  decreas ing  per  c a p i t a  energy consumption. This suggests  t h a t  e x i s t i n g  

communities which a r e  r a p i d l y  growing have op t ions  over the  next  20 y e a r s  l ead ing  

t o  e i t h e r  i n c r e a s e s  o r  decreases  i n  p e r  c a p i t a  energy consumption depending on the  

s e l e c t e d  growth strategy. 

B.. S u f f o l k  County - A Case Study f o r  Year 2000 

S ince  most f u t u r e  growth on Long.Is land,  b o t h  i n  terms of land-use development 

and populat ion,  is expected t o  t a k e  p l a c e  i n  t h e  I s l a n d ' s  e a s t e r n  a r e a s ,  t h e  focus 

of this c a s e  s tudy  is  t o  s tudy  land-use-energy i n t e r a c t i o n s  under a l t e r n a t i v e  

condi. t ions of growth. i n  S u f f o l k  County. 

Three reg iona l  s c e n a r i o s  were cons t ruc ted  t o  exp lore  the energy requirements 

of a l t e r n a t i v e  growth p a t t e r n s :  



POPULATION 
(millions) 

TABLE 6 

ENERGY PER 'CAPITA PER YEAR 

TRANSPORTAT ION RESIDENTIAL 

32.7 32.5 

31.9 32.5 

23.8 32.5 



Urban Sprawl (U.S.) 

Comprehensive P l a n  (C.P.) 

Growth Cente r s  (G.C. 1. 

Continued urban sprawl and the. deyelopment of l a r g e  populat ion c e n t e r s  of concentra ted 

l a n d  u s e  and economic a c t i v i t y  r e p r e s e n t  opposi . te extremes of p ro jec ted  f u t u r e  

growth i n  the Nassau-Suffolk region.  Their a n a l y s i s  o u t l i n e s  the  extremes of energy 

consumption p a t t e r n s  a s s o c i a t e d  with land  use.  On t h e . o t h e r  hand, the comprehensive 

p l a n  prepared by t h e  Bi-County  omission^^ provides  p r a c t i c a l  gu ide l ines  f o r  reg iona l  

development c o n s i s t e n t  with environmental and o t h e r  f a c t o r s .  I n  each case ,  o v e r a l l  

popu la t ion  and _employment p r o j e c t i o n s  r a i n  the same, r e f l e c t i n g  e s t i m a t e s  f o r  

S u f f o l k  County g r m t h t o  the y e a r  2000: 

Euffolk  Populat ion and lhplojmpnt C'l'HnlTSANnS) 

YEAR - 
1975 2000 

Popula t ion  1300 2350 

Households 380 758 

Commercial Employment 258 516 

Basic  Employment 178 355 

These a l t e r n a t i v e  land-use s c e n a r i o s  d i f f e r  prltllarily i n  t l~e  s p a l i a l  a l l o c a t i o n  

of b a s i c  employment oppor tun i t i e s ,  and zoning c o n s t r a i n t s  imposed upon r e s i d e n t i a l  

l o c a t i o n .  A summary of  t h e s e  a l l o c a t i o n s  is  given i n  Table 7 .  W i t h  few except ions ,  

a l l  o t h e r  parameters were carried over  to  the Suf fo lk  cases  from t h e  Nassau-Suffolk 

c a l i b r a t i o n  runs .  

I n  t h e  urban sprawl case ,  i n d u s t r g a l  zoning and r e s i d e n t i a l  development is  

assumed t o  con t inue  according t o  t h e  p a t t e r n  t h a t  has  c l e a r l y  developed i n  western 

Nassau and e a s t e r n  Suffolk .  R e s i d e n t i a l  zoning c o n s t r a i n t s  were e s t a b l i s h e d  from 

1975 land-use. A t r a c t  was consi.dered "developed" i f  i t s  r e s i d e n t i a l  d e n s i t y  

exceeded 2.5 dwel l ing u n i t s  pe r  a c r e .  No f u r t h e r  r e s i d e n t i a l  development of such 

t r a c t s  was permit ted .  

I n d u s t r i a l  growth i n  the urban sprawl scenar io  w i l l  fo l low e x i s t i n g  p a t t e r n s  s o  

that the s p a t i a l  d i s t r i b u t i o n  of Suf fo lk ' s  b a s i r  employment f o r c e  remained unchanged, 

i.e.. , i n t e r n a l  "basic" employment of Suf fo lk  County i n  1975 was simply scaled up t o  

the 355,400 b a s i c  jobs  requ i red  t o  support  a populat ion of 2.35 m i l l i o n .  



The second scenar io  is  based on the land-use a l l o c a t i o n  of the comprehensive 

plan.  Commuting t o  employment o p p o r t u n i t i e s  o u t s i d e  t h e  reg ion  w i l l  no t  i n c r e a s e  

s i g n i f i c a n t l y  over  p resen t  l e v e l s  so  t h a t  t h e  1975 commuting p a t t e r n s  remain unchanged. 

(This impl ies  a  l a r g e  i n c r e a s e  i n  i n t e r n a l  b a s i c  employment which was a l l o c a t e d  mainly 

t o  middle and e a s t e r n  Suf fo lk  i n d u s t r i a l  zones. and are descr ibed i n  t h e  comprehensive 

plan.  These i n d u s t r i a l  a r e a s  have good access  t o  r e s i d e n t i a l  c l u s t e r s  and "centers".)  

The r e s i d e n t i a l  d e n s i t y  c o n s t r a i n t s  a r e  computed i n  a  s t ra igh t fo rward  way t o  be 

c o n s i s t e n t  w i t h  zoning and r e s i d e n t i a l  d e n s i t i e s  i n  t h e  1985 comprehensive p l a n  d a t a .  

Land designated a s  vacant ,  f a r ~ l a n d ,  o r  parks  and r e c r e a t i o n  was des ignated a s  

"unusable. " 

The t h i r d  c a s e  r e p r e s e n t s  an  extreme c a s e  of c l u s t e r i n g  i n  which a l l  new b a s i c  

employment a f t e r  1975 is  a l l o c a t e d  t o  four  "centers".  Commutation is  assumed t o  

remain t h e  same a s  i n  the comprehensive p l a n  above. R e s i d e n t i a l  s i t i n g  is  cons t ra ined  

t o  1975 l e v e l s  except  t o  wi th in  a  r a d i u s  of about six miles of t h e s e  "centers".  

Trac t s  near t h e s e  "centers"  have very h i g h  r e s i d e n t i a l - d e n s i t y  c o n s t r a i n t s  of 1 5  

dwel l ing u n i t s  per a c r e ,  a l lowing low- and h igh- r i se  cons t ruc t ion .  These cond i t ions  

c r e a t e  four  l a r g e  populat ion "centers",  o r  c i t i e s ,  i n  the region.  

The major energy-related r e s u l t s  of these runs a r e  summarized i n  Table 7 .  

S i g n i f i c a n t  s h i f t s  i n  energy consumption p a t t e r n s  i n  the , t r a n s p o r t a t i o n  s e c t o r  r e s u l t  

from t h e  s p a t i a l  p a t t e r n s  of basi.c employment s i t e s  i n  the d i f f e r e n t  growth s c e n a r i o s .  

I n  t h e  urban sprawl case ,  a  l a r g e  f r a c t i o n  (13% of t h e  work f o r c e )  must commute from 

var ious  l o c a t i o n s  i n  New York Ci ty ,  more than 20 miles away. The r e l o c a t i o n  of 

employment i n t o  Suf f o l k  County i n  the o t h e r  scenar ios  n o t  drily - shor tens  the work-trip 

l e n g t h  f o r  those  employees whose p l a c e  of employment has  been changed but  a l s o  f o r  

those  who cont inue t o  commute because of t h e  b e t t e r  a v a i l a b i l i t y  of housing sites 

i n  t h e  western p a r t  of t h e  county. For example, t h e  average t r i p - l e n g t h  f o r  a  

Queens commuter i n  t h e  urban sprawl scenari .0 i s  35 mi les ;  f o r  t h e  comprehensive 

plan,  i t  i s  25.8 m i l e s .  The smal l  r educ t ion  i n  work-trip mileage from t h e  compre- 

hensive  p lan  t o  the "centere'' s cenar io  i s  s i g n i f i c a n t  ' b u t  no t  as l a r g e  as  t h a t  

from urban sprawl t o  comprehensive p l a n .  ' Work.srs employed i n  t h e  &ore compact 
I t  c e n t e r s "  have s h o r t e r  t r ip - l eng ths  than those  employed i n  t h e  i n d u s t r i a l  c o r r i d o r  

of the comprehensive plan.  

There is  a l s o  a  s i g n i f i c a n t  change i n  the re . s iden t ia1  energy consumption caused 

by the s h i f t  away f r o m t h e  s ingle-family  howes toward t h e . h i g h e r - d e n s i t y  types .  The 

housing breakdown i n  t h e  urban sprawl c a s e  i s  s i m i l a r  t o  t h e  p r e s e n t  breakdown i n  



TABLE 7 
SUMMARY OF SCENARIO RESULTS 

Case 1 
(Sprawl) 

ENERGY 'USAGE ( ~ o ~ ~ B ~ ~ / Y R )  

BASIC 42.6 

RESIDENTIAL 79.9 

TOTAL 248.5 

PER PERSON ( 1 0 6 ~ t u )  105.6 

Case 2 
(C. P l a n )  

HOUSING BREAKDOWN (PERCENT) 

SINGLE .FAMILY DETACHED 89.2 69 .3  

SINGLE FAMILY ATTACHED 3.8 5 .4  

LOW RISE 6.7 19 .4  

H I G H  RISE . 3  5 .7  

PEKSUNAL 'I'KANSPUK'l'A'I'lUN 

DAILY WORK-TRIP DISTANCE* 35.8 23.8 

DAILY SHOP-TRIP  DISTANCE"^ 14 .8  14 .6  

PERCENT DECREASE FROM CASE 1 

RESIDENTIAL 

TRANSPORTATION 

TOTAL 

Case 3 
( c e n t e r s )  

+does n o t  i n c l u d e  s o c i a l - r e c r e a t i o n a l  o r  t r u c k ;  a u t o  t r a v e l  assumed. 

*mileage t r a v e l l e d  f o r  work purposes  on a weekday p e r  household.  

**total a v e r a g e  shopping  mi leage  d a i l y  per household .  



Suf fo lk  and is  c l e a r l y  a  r e s u l t  of the zoning imposed. The change i n  m i x  occur r ing  i n  

t h e  comprehensive plan c a s e  is  a  r e s u l t  of c l u s t e r i n g .  Zoning encourages t h e  emergence 

of c l u s t e r s  i n  t h e  a p p r o p r i a t e  l o c a t i o n s .  Second, r e s i d e n t i a l  a r e a s  i n  t h e  compre- 

hensive  p lan  a r e  e a s i l y  a c c e s s i b l e  from employment sites. 

Commercial and b a s i c  energy u t i l i z a t i o n  were i n t e n t i o n a l l y  he ld  cons tan t  i n  

t h e s e  runs  i n  o rder  t o  e f f e c t  a  c lear-cut  comparison of o t h e r  f a c t o r s  a s s o c i a t e d  wi th  

l a n d - ~ s e  development p a t t e r n s .  

Two p o i n t s  a r e  noteworthy regarding t h e  o v e r a l l  sav ings  i n  energy demonstrated 

under the comprehensive p lan  and t h e  continued sprawl scenar ios .  The f i r s t  is t h e  

l a r g e  p o t e n t i a l  savings  ach ievab le  i n  the t r a n s p o r t a t i o n  a r e a  a s  a  r e s u l t  of t h e  

c a r e f u l  i n t e r s p e r s i o n  of "basic" employment and r e s i d e n t i a l  s i t e s  (and zoning).  

Secondly, the  b u l k  of the savings  i n  b o t h  t h e  t r a n s p o r t a t i o n  and r e s i d e n t i a l  s e c t o r s  

was achieved w i t h i n  the gu ide l ines  of t h e  comprehensive p l a n  and under e n t i r e l y  

reasonable  assumptions. F i n a l l y ,  a l though  the comprehensive p lan  was n o t  i n i t i a l l y  

designed t o  produce savings ,  i t  i s  c l e a r  t h a t  s u b s t a n t i a l  energy b e n e f i t s  r e s u l t  

from the c r e a t i o n  of c l u s t e r e d  and/or compact r e s i d e n t i a l  and commercial s e c t o r s  i f  

a c c e s s i b l e  from nearby employment sites. 
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I V .  FINAL COMMENTS 

The l and  use-energy s imula t ion  model proves u s e f u l  i n  a s s e s s i n g  energy 

impl ica t ions  of a broad v a r i e t y  of a l t e r n a t i v e  l and  use  p a t t e r n s  which may be  

considered i n  t h e  planning process .  From t h e  p l a n n e r ' s  p e r s p e c t i y e ,  t h e  i s s u e  

is  n o t  how t o  achieve energy savings  per  se, More important  i s  t h e  need t o  

e v a l u a t e  t h e  energy i n t e n s i t y  and f u e l  mix p o s s i b i l i t i e s  which a r i s e  i n  response 

t o  a l t e r n a t i v e  l and  use growth and t h e  ways i n  which t h e s e  may i n h i b i t  r eg iona l  

development o r  otherwise cause imbalance between reg iona l  energy needs and t h e  

n a t i o n a l  energy system. I n  t h i s  con tex t ,  t h e  model may be u t i l i z e d  both  t o  

explore  incremental  changes i n  l a n d  use p a t t e r n s  and t h e i r  impact upon l o c a l  

zoning and t o  examine o v e r a l l  r e g i o n a l  growth s t r a t e g i e s .  

For r e g i o n a l  planning groups which seek t o  use t h e  model f o r  such ana lyses ,  

t h e  personnel and f i s c a l  requirements f o r  implementing t h e  model a r e  r e l a t i v e l y  

modest. The reg ion-spec i f i c  d a t a  needs inc lude  l o c a l  zoning, u s a b l e  l and ,  and 

b a s i c  employment. These a r e  c h a r a c t e r i s t i c s  commonly on f i l e  wi th  most planning 

o rgan iza t ions .  Many of t h e  o t h e r  parameters which in f luence  energy and l and  use 

p a t t e r n  development, such a s  t r a v e l  i n d i c e s ,  r e l a t i o n  between commercial employ- 

ment and populat ion,  energy i n t e n s i t y  c o e f f i c i e n t s ,  e t c .  may b e  e a s i l y  c a l i b r a t e d  

f o r  t h e  p l a n n e r l . s  own a r e a  and/o,r can b e  c a r r i e d  over from one. regfon of the 

country t o  another .  I n  t h i s  sense ,  t h e  choice of v a r i a b l e s  and p repara t ion  of 

t h e  model was o r i e n t e d  toward i ts  a d a p t a t i o n  t o  p l a n n e r ' s  needs i n  t h e i r  l o c a l  

a r e a .  

Froni t h e  p e r s p e c t i v e  of f e d e r a l  agencies  respons ib le  f o r  energy management, 

t h e r e  has  been too l i t t l e  cons idera t ion  of t h e  r o l e  of l and  use  a s  a suppor t ing 

o r  i n h i b i t i n g  agent  i n  t h e  accomplishment of f e d e r a l  o b j e c t i v e s .  The l and  use- 

energy s i m ~ i l a t i o n  model can be u t i l i z e d  t o  explore  t h e  gener ic  problems of energy- 

importing versus  energy-exporting reg ions ,  as w e l l  a s  of o t h e r  reg iona l  d i s t i n c -  

t i o n s .  Fundamental d i f f e r e n c e s  i n  both  phys ica l  c h a r a c t e r i s t i c s  and development 

p re fe rences  between such rcg ions  l e a d  t o  sharp  d i s t f n c t i o n s  i n  o v e r a l l  l and  use  

p a t t e r n s .  These, i n  t u r n ,  l e a d  t o  d i f f e r i n g  a s s o c i a t e d  f u e l  mix p o s s i b i l i t i e s .  

Equally important i s  t h e  need t o  exp lore  t h e  l and  use-energy r e l a t i o n s h i p s  which 



accompany t h e  commercialization of new technologies .  For example, the.  land use- 

energy s imulat ion model i s  a  good v e h i c l e  f o r  t h e  exp lora t ion  of land use  t r ends ,  

t h e i r  compat ib i l i ty  with in t roduc t ion  of t h e  e l e c t r i c  c a r ,  energy u t i l i z a t i o n  

a s s o c i a t e d  wi th  t h e  e l e c t r i c  c a r  under a  v a r i e t y  of assumptions of i t s  use f o r  

work, shopping, and o t h e r  types  of t r i p  purposes,  and would provide a  b e t t e r  

d e f i n i t i o n  of t h e  market a r e a s  of these  new technologies .  

While t h e  focus  of t h i s  r e p o r t  and FEA g r a n t  concerns model development 

and t e s t i n g ,  t h e  model has  been app l ied  t o  a  l i m i t e d  e x t e n t  t o  t h e  exp lora to ry  

s tudy  of land use  and energy u t i l i z a t i o n  gener ic  r e l a t i o n s h i p s .  The suggest ions  

t h a t  such g e n e r i c  r e l a t i o n s h i p s  e x i s t  have important impl ica t ions  f o r  energy and 

l.and u.se p o l i c i e s  t h a t  warrant f u r t h e r  study. For example, t r a n s p o r t a t i o n  energy 

i s  found t o  .be determined more by employment and populat ion d e n s i t y  g r a d i e n t s  

than  by dens i ty  i t s e l f  which i s  t h e  t r a d i t i o n a l  measure of land use.  Tr ip  

l e n g t h s  f o r  t h e  v a r i o u s  t r a v e l  purposes depend p r i m a r i l y  upon d i s t a n c e  from a  

c i t y  o r  urban a c t i v i t y  cen te r .  Also, f o r  t h e  auto-based t r a n s p o r t a t i o n  and 

zoning t y p i c a l  of our c i t i e s ,  t h e  spread of employment t o  t h e  suburbs i s  found 

t o  l e a d  t o  s i g n i f i c a n t l y  lowered t r a n s p o r t a t i o n  energy consumption. Indeed, 

t h e  p o t e n t i a l  energy savings  i n  t r a n s p o r t a t i o n  a lone approach f i f t y  percent  

under reasonable  land use  p a t t e r n s  suggested by planners .  Both . the  g e n e r a l  

c h a r a c t e r  of these  land use-energy gener ic  r e l a t i o n s h i p s  and t h e  p o t e n t i a l  

energy s h i f t s  inheren t  i n  a l t e r n a t i v e  land use  p a t t e r n s  suggest  Fur ther  

u t i l i z a t i o n  of t h e  model t o  explore  t h e  impl ica t ions  of p r e s e n t  U.S. growth 

t r e n d s  and a l t e r n a t i v e s  t o  t h e s e  presenc mends  which might improve the national.  

energy si Luation. 

There a r e  s e v e r a l  ex tens ions  of and improvements t o  t h e  model which would 

provide a  broader  c a p a b i l i t y  f o r  l and  use-energy-environment assessment.  For 

example, t h e  model can b e  u t i l i z e d  f o r  in-depth s tudy  of t h e  impact of a major 

energy f a c i l i t y .  The s t u d i e s  done i n  connection w i t h  Nuclear Regulatory Com- 

miss ion resea rch  i n d i c a t e  t h a t  t h e  l o c a t i o n  of a  major energy f a c i l i t y  b r i n g s  

wi th  i t  no t  only new l a b o r  f o r c e  and a s s o c i a t e d  populat ion,  b u t  a l s o  o t h e r  

economic a c t i v i t i e s  and households who d e s i r e  t o  e x p l o i t  t h e  low tax s i t u a t i o n  

t h a t  i s  l i k e l y  t o  be  i n  e f f e c t  as a  r e s u l t  of a  new major f a c i l i t y .  The e x i s t i n g  

model can be e f f e c t i v e l y  employed t o  analyze t h e  energy consumption impl ica t ions  

and o t h e r  impl fca t ions  u f  community growth under d i f f e r e n t  zoning r e g u l a t i o n s ,  

under d i f f e r e n t  t r a n s p o r t a t i o n  networks, and under- d i f f e r e n t  housing, commercial, 

and genera l  urban des ign  parameters.  Addit ions t o  t h e  model of l i q u i d ,  s o l i d ,  



and a i r  emissions r e l a t e d  t o  t h e  l and  use a c t i v i t y  measures would be s t r a i g h t -  

forward, as would augmentation of d i s p e r s i o n  models f o r  t h e s e  p o l l u t a n t  emissions.  

The model could then be u t i l i z e d  t o  p inpo in t  d i f f e r e n t  environmental and h e a l t h  

impl ica t ions .  F i n a l l y ,  t h e  model is such t h a t  i t  would give  a continuous 

account ing of populat ion exposure t o  nuc lea r  hazard a s  t h e  reg ion  grows. 
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APPENDIX 

COMPUTATIONAL mows IN THE LAND 

USE-ENERGY S IMLTLATTON MODEL 

The fol lowing f lowchar ts  i l l u s t r a t e  t h e  b a s i c  computational procedures 

of t h e  model. The f i r s t  f lowchar t  d e s c r i b e s  t h e  o v e r a l l  i t e r a t i v e  scheme, 

and t h e  fol lowing c h a r t s  d e t a i l  t h e  procedures noted the re .  The v a r i a b l e s  

correspond t o  those  i n  t h e  t e x t ,  wi th  t h e  except ion of some which a r e  used 

f o r  i n t e r n a l  purposes only. Unfor tunate ly ,  we a r e  forced t o  use  m u l t i - l e t t e r  

v a r i a b l e s  (such a s  EPRIME] i n  some s i t u a t i o n s ,  having v i r t u a l l y  exhausted 

t h e  conventional a lphabet .  

We do no t  a t tempt  he re  e i t h e r  t o  f lowchar t  t h e  e n t i r e  FORTRAN progralll 

o r  even t o  d e t a i l  a l l  of t h e  computational a s p e c t s  of t h e  model. P a r t s  of 

t h e  algor5th.m r e l a t i n g  only t o  programming cons idera t ions  a r e  omitted e n t i r e l y  

a s  a r e  computations r e l a t i n g  t o  h igher  l e v e l s  of d i saggrega t ion .  Including 

t h e s e  a s p e c t s  would n e c e s s a r i l y  complicate t h e  d e s c r i p t i o n  enormously whi le  

shedding l i t t l e  l i g h t  on t h e  procedure. 



Appendix: Flow of Computational Procedures 
Simulation Model 

Land Use Initialization 

Variable Initialization: E = E' 

H 
1 j 

A = A  - A U - A B  
j j j j  

1 Transportation Initialization 1 
i i Read: x , y , s So, BW, cn ij' 

cCk, Bck 

6 
Network Computation Procedure 1 
Input: x ~ B ~ Y ; ,  s ~ ~ ,  so, gW, cW, B'~, cCk 1 htput: Tij' Tij , d i j ~  

I Population Redistribution Procedurure 1 
H R - Input: f ,  Aj, Ej, Ti,, zj, P, dij 

Output: N, Nj, vW I 
I 

Exit Determination 1 

I Land Reallocation Procedure I 
ck k 

Input: e , E , A;, A ~ ,  A:, 
R ~j 

Output: A,, A ,  

I Shop Trip Mileage Procedure 
ck k k 

Input: T , E,, Nj, m 
tj 

Outout: V 

Energy Computation Procedure 
B k 

Input: E ,  e ,  N ~ ,  A;. vS, fl 
Energy Intensity Coefficients 

Output: Energy Demands I 



Population Redistribution Procedure ( a )  

ij' 

IND = 0 Q 
D O i  = 1,  n 



Populat ion R e d i s t r i b u t i o n  Procedure (b) 

DO i = 1, n EPRIME = ENEWi 
i 

ENEWi = 0 

IND = 0 



Network Computation Procedure 

Input: x i ,  Y i , : s i j ,  S 
0 

B W ,  cW, cCk, Bck 

I 

2 2 112 
di j 

= ((xi - x ) + (yi yi) 
J 

t ;  = s -1 dij, i f  i and j are 
~j ij 

acces s ib l e  by highway I s;l;ij if not 1 
0 

Do f o r  a11 i 

Do for  a l l  j 

Do for  a l l .  k 

i f  tik f t < t 
k j  i j 

Then t = +'t i j  t i k  k j  



Shop Trip Mileage Procedure 

ck k 
Input: T , Nj ,  E j  

i j 

'ijk 
= N ~ / T ~ ; ~  For a l l  i ,  j ,  1 ,  n: k =  1,  m 

k \ 

P;jk 
= O I F E  = O  

1 i ,  j = 1 ,  n 
- n 
- 'ijk ( x P i j k / ~  - * i j k ) ;  E! # 0 

k = l , 3  
';jk 

j=1 j :E .+0 J 
L. 

J > 

n n 
k M =.C C '  d k = l , m  

I= 1 mkP i j k  i j .  

V" = M~ 
k= 1 



Energy Computation Procedure 

5 ' I n d u s t r i a l  Energy + =r 
3 

t=1 
E B  

ENBt j=1 j , t  

3 k en 
Commercial Energy + =P E ( ck, ) k = l  

eLn 
ck 

Transpor ta t ion  ~ n e r ~ ~ +  = (vW + v') t ~ '  

Housing Energy += 

For a l l  j 

Maximize C in21 c H~ 
m j 

C 
Subject  t o  m = l  H~ qm < 

J j 

5 m 
C m = l H  = H  

j j 

j 

Housing Energy = P .x H~ G: 
1 m J  

\ 1 

 or s imp l i c i t y ,  a l l  c a l cu l a t i ons  shorn here are a t  the l e a s t  disaegregace l eve l .  



Retail Employment Procedure 

Land Reallocation Procedure 

" - 

If A;>Aj - A: - A;, THEN A; = A - A' - AB 
j j j  

H U- B 
A j  = A - A - A . - A  

j j ~j 
I * 

RETURN 




